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ABSTRACT
This report summarizes accomplishments in 19(9,

describing Federal programs and policies, and new programs
implemented to meet those policies. The report describes the
priorities that have been selected in the Federal Marine Science
program during 1969. The first chapter reviews the steps taken by the
Feaeral Goverhment during 1969 to advance and fund the marine science
program toward goals set forth in the Marine Sciences Act. The second
chapter highlights the issue of marine environmental quality and
examines the many important factors bearing on degradation of the
ocean. The third chapter reports on policies and activity regarding
coastal zones. Other chapters review a number of Federal marine
science objectives, programs, international policy, and international
activities. The appendices provide detailed information reqarding
marine science programs and budgets for fiscal years 1969-11. (RN)
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PRESIDENT'S TRANSMITTAL MESSAGE
TO CONGRESS

TO THE CONGRESS OF THE UNITED STATES:

The fact that the United States is first in space is well known; it is less
well known that we are also first in oceanic science and technology. And
while most of our citizens recognize the opportunities which lie before us
in space, fewer understand the enormous benefits which can flow from our
national marine activities.

During 1969, the National Council on Marine Resources and Engineering
Development, chaired by the Vice President, identified a number of policies
and programs concerning the sea which, in their judgment, deserve Federal
support. I am today transmitting to the Congress the Council's annual
report, "Marine Science AffairsSelecting Priority Programs." The marine
science programs which I have approved for Fiscal Year 1971 are basedin part on the Council's recommendations.

My budget request for Fiscal Year 1971 provides $593.1 million for marine
science and technology activities. These funds would help us to improve
the management of our coastal zone, expand Arctic research, develop a pro-
gram for restoring damaged lakes, expand the collection of data concerninu
ocean and weather conditions, reduce merchant ship operating costs, and
undertake other important projects. The funds would also supped U.S.
participation In the International Decade of Ocean Exploration, a program
which can contribute much to the quality of the marine environment and
to the pursuit of world peace.

In November of 1969, this Administration sent to the Congress a compre-
hensive proposal for protecting and developing the land and water resources
of the nation's estuarine and coastal tone. I hope that the Congress will give
this program early and careful attention.

The Federal government will .continue to provide leadership in the
nation's marine mime program. But it is also important that private in-
dustry, State and local governments, academic, scientific and other institu-
tions itxtease their own involvement in this important field. The public and
private sectors of our society must work closely together if we are to meet
the great challenges which are presented to us by the oceans of our planet.

02:A40(4444,i
Tits Warts House, April 1970.



PREFACE

A Report to the President From the National Council
on Marine Resources and Engineering Development,
April 1970

Tau ItiONT TO ens PASSIDENT ON MARLINS SC1SNC1 At FAIRS Is prepared in lc
cordance with Public Law 89-454, th" Marine Resources and Engineering Develop-
runt Act of 1966, which states that the President shill transmit to the Congress
an mutual report including (a) a compthensive description of the activities and the
accomplishments of all the agencies and departments of the United States in the field
of marine sciences during the preceding fiscal year, (b) an evaluation of such activities
In terms of the objectives set forth pursuant to Public Law 89-454, (e) such wont.
cnendationi foe legislation u the President may consider necessary or desirable for the
attainment of the objectives of Public Law 89-454; and (d) an estimate of funding
requirements of each army and department of the Federal Government for marine
science activities during the succeeding fiscal year

The Marine Resources and Engineering bevtkrment Act was amended by public
Law 89-688, the National Sea Grant College and Program Act of 1966, which also
requires an annual report by the President on Sea Grant colleges and programs.

This Report on Marine Science Affairs Is submitted to the Congress in response
to both requirements. It was prepared by the National Council on Marine Resources
and Engineering Development. The Council, located in the Executive Office of the
President, Is composed of:
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VICE PRESIDENT'S LETTER
TO THE PRESIDENT

THE VICE PRESIDENT,

Washington, D.C., April 1970.
THE PRESIDENT,

The White House,
Washington, D.C.

DEAR MR. PRESIDENT:

As Chairman of the National Council on Marine Resources and Ergi
neering Development, I take pleasure in forwarding the Council's Annual
Report, "Marine Sdenee AffairsSelecting Priority Programs."

The Report reviews the activities and accomplishments of all Federal
departments and agencies in the field of marine sciences during 1969, and
evaluates these accomplishments in terms of the objectives of the Marine
Sciences Act.

Important progress has been realized in a wide range of marine science
activities including research, engineering, exploration) mapping, and envi
romnental services. Significant marine science developments, as described
in the Report, have occurred in the fields of international cooperation,
national security, marine resources, transportation, coastal tone manage.
ment, and environmental quality preservation --reflecting the Nation's grow-
ing use of tie world ocean. Federal leadership and support are important,
but we must look to other sectors to carry out major roles in the national
ocean programparticularly to industry for the recovery of ocean resources
and to the States for the management of the coastal tone.

no Federal marine science budget has shown substantial growth from
$463.4 million in Fiscal Year 1969, to $514.3 million in Fiscal Year 1970,
to $333.1 million requested in your budget for Fiscal Year 1971. This re-
quest includes an increase in obligations for marine science, technology and
related activities in civilian agencies of $42 million tter Fiscal Year 1970.

During 1969, the Marine Sciences Council advanced from the identifies'
don of critical novemrnentwide marine science issues to the development
of priority programs to meet national needs. The Report sets forth the
priorities that have emerged in the Federal marine science program and
describes the Initiatives you have approved for Fiscal Year 1971 including:

A national policy and Federal grant program to encourage States
to improve planning and management of their coastal areas.

Marine research, essential to wise use of the oastal environment.
Lake restoration aimed at fencing tne quality of serious:"

damaged rtional waters, including the Great sales.



Arctic environmental research to permit fuller, rational use of the
Arctic region.

The International Decade of Ocean Exploration, a cooperative pro-
gram with coordinated research; surveys and data sharing leading
to mutually beneficial understanding of the world ocean.

Expansion of the program to develop oceanographic and atmos-
pheric buoys for productive multi-agency use in a broad-ranging
program.

Research and development to reduce merchant ship operating costs.
These initiatives will build on the broad base of on-going Federal activity,

placing emphasis on environmental quality, wise development of the Nation's
fragile, invaluable coastal zone, and meaningful international cooperation.
They provide the basis for concerted action by the Federal Government,
State governments, the academic community, and industry to meet the
Nation's priority oceanic objectives.

Sincerely,

14" er""ir
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INTRODUCTION

With the enactment of the Marine Resources and Engineering Develop-
ment Act of June 17, 1966, increased Federal attention was focused on
marine science affairs. Clear recognition of oceanic potential, problems
and goals is reflected in the Act's statement of national purpose: "It is hereby
declared to be thzt policy of the United States to develop, encourage, and
maintain a coordinated, comprehensive, and long-1 ange national program
in marine science for the benefit of mankind to assist in the protection
of health and pwperty, enhancement of commerce, transportation, and
national security, rehabilitation of our commercial fisheries, and increased
utilization of these and other resources"

The Marine Sciences Act r provided
(1) A new emphasis on Presidential leadership;
(2) An interim Cabinet-level Council, chaired by the Vice Presi-

dent, to assist the President in policy development and coordination of
the Federal marine sciences program; and

(3) An interim public advisory Commission to identify the Na-
tion's stake in the oceans and to recommend future steps for the
national program.

The Act also gave the President responsibility for implementing the leg-
islation by

(1) Developing a comprehensive marine science program involving
Federal agencies working in cooperation with the entire spectrum of
non-Federal organizations including State and local governments,
private research institutions, and industry;

Following are some abbreviations and definitions in use in the marine sciences
field:

The Act is customarily called the Marine Sciences Act. See app. B-2 for its
full text.

The National Council on Marine P wurces and Engineering Development is
usually abbreviated to the Marine Sciences Council.

The Commission on Marine Science, Engineering, and Resources, no longer
in existence, is usually referred to as the Marine Sciences Commission.

"Marine' science" is a term employed in Public Law 89-454, sec. 8, to de-
scribe scientific research, engineering, and technological development related
to the marine environment.

The "marine environment" is considered to include the oceans, the Continental
Shelf, seabed and subsoil of submarine areas and resources thereof, and estuaries
of the United States and its territories, the Great Lakes, and the resources of the
ocean and Great Lakes.



(2) Conducting long-range studies of the potential benefits to our
economy, security, health, and welfare from ocean activities, and of
the legal aspects of resource management; and

(3) Evaluating the total national program in terms of the legislative
mandate and reporting annually to the Congress on accomplishments,
budgets, and needed legislation.

Role of the Council

The National Council on Marine Resources and Engineering Develop-
ment was created in the Executive Office of the President to assist the
President in planning, development of policy, and coordination of the
activities of the 11 Federal departments and agencies with marine science
interests (see table A). The Council has also carried out policy-planning
functions for the Sea Grant Program, established by Public Law 89-688
and administered by the National Science Foundation. (See app. B-3 for the
text of the Sea Grant Act.)

Table AFederal Marine Science Activities

Agency fission

Department of State

Agency for International Develop-
ment.

Department cd Defense
(Navy; Advanced Research

Projects Agency; Army
Corps of Engineers.)

Department of the Interior... ..
(eseologies' Survey; Federal

Water Pollution Control
Administration; Bureau of
Commercial Fisheries;
Bureau of Sport Fisheries
and Wildlife; Bureau of
Mines; Bureau of Land
Management; National Park
Service; Bureau of Outdoor
Recreation; Office of Saline
Water; Office of Marine
Resources.)

Department of Commerce
(Environmental Science

Services Administration;
Maritime Administration.)

Participation in international organizations; sup
port of international fisheries commissions

international marine policies.
Foreign assistance and food resources for develop.

ing nations.
All phases of oceanography relating to national

security; naval technology; statutory civilian
responsibilities: Great Lakes, river, harbor,
coastal, and ocean charting and forecasting;
Great Lakes, river, Labor, and coastal de-
velopment, restoration, and preservation.

Management, conservation, and development of
marine natural resources; lead responsibility for
coastal zone management planning and re-
search;1 measurement and enforcement of
water quality standards; acquisition, preserva-
tion, and development of coastal areas; identi-
fication and development of technology for
evaluation of mineral resources; identification
of sources and interrelationships for supply of
fresh water.

Lead responsibility for air /sea interaction program
and marine environmental prediction program; I
tsunami and hurricane warning; charting and
mapping of coastal and deep-ocean waters;
research on ship design, shipbuilding, and ship
operations; marine trarsportrtion and port
rystens.



Table AFederal Marino Selena AstIvItlesCentInued

Agency Mission

Department of Health, Education,
and Welfare.

(Public Health Service; Office
of Education; Food and
Drug Administration.)

Department of Transportation
(Coast Guard; Office of the

Secretary.)

Atomic Energy Conunksion

National Aeronautics and Space
Administration.

National Science Foundation

Smithsonian Institution

National Council on Marine
Resources and Engineering
Development.

Human health, healthfulness of food, biomedical
research, and support of education.

Safety and protection of life and property in port
and at sea; delineation and prediction of ice
manses; navigation aids; oceanographic and
meteorological observations; transport systems
analysis and planning.

Radioactivity in the marine environment; develop-
ment of marine nuclear technology.

Feasibility, design, and engineering of spacecraft
and sensors for ocean observations.

Basic and academic oceanography; lead responsi-
bility for Arctic research and the Intmational
Decade of Ocean Exploration ; facilities support;
Sea Grant colleges and programs.

Identification, acquisition, classification, and
ecology of marine organisms; investigations of
the geophysical factors of oceanic environment.

Assist the President in planning, development of
policy and coordination of Federal marine
science activities.

Lead agency designation involves Federal leadership for stimulating the exchange of ideas with other
interested agencies , planning in terms of the identification of goals with the advice and assistance of other
agencies; and negotiating interagency support required for the achievement of goals in thaw areas--goals
to be achieved through multiple, coherent activity of the interested agenciesfunding gape, where parable.
No transfer of any agency's statutory responsibfiltles Is involved.

Underlying the Council's activities have been three fundamental
concepts:

I. While the Government through its departments and agencies provides
much of the leadership and support for ocean research and exploration,
the development and exploitation of marine resources is the responsibility
of private enterprise.

2. State and local participation are critical to the successful management
of activities in the coastal marine .environment.

3. In view of the inherently international character of the oceans, a
multi-national approach to many uses of the sea is essential.

Annual RoportaA Manure of Promos

In accordance with the provisions of the Marine Sciences Act, the Presi-
dent annually transmits a report to the Congress on the state of the Nation's
marine sciences program, describing the activie.es and accomplishments of
the Federal departments and agencies, evaluating these accomplishments,
and setting forth recommendations as to future policies, programs, and
funding.

S



The first annual Marine Sciences Council report to the President was
prepared in 1967, entitled "Marine Science AffairsA Year of Transition."
The report emphasized the transition from scientific oceanography to appli-
cation of these scientific discoveries, and the transition from considerations
largely at the program level to a new concern and responsibility at the policy
level of Government.

The second annual report, entitled "Marine Science AffairsA Year of
Plans and Progress," presented a broad range of policy considerations re-
lating the potential of the oceans to major national goals and to action pro-
grams to aid in their achievement. It laid the basis for intensified Govern-
ment-wide planning efforts and for increased emphasis on selected priority
areas such as the war on hunger, international cooperation, and implemen-
tation of the Sea Grant Program.

The third annual report, entitled "Marine Science AffairsA Year of
Broadened Participation," summarized accomplishments in 1968, and em-
phasizing the relationship of marine science affairs to the mainstream of
public policy and to non-Federal institutions. New emphasis was directed to
the rational development of the coastal zone, Arctic development, and to
steps leading to a framework of international law and cooperation in
the oceans.

This fourth annual report, "Marine Science AffairsSelecting Priority
Programs," summarizes accomplishments in 1969, describing Federal pro-
grams and policies, and new programs implemented to meet those policies.
The report describes the priorities that have been selected in the Federal
marine science program during 1969. A new level of maturity is reflected
in U.S. oceanic activities, the Nation having advanced from the identifica-
tion of critical issues, to the establishment of priority goals, and the develop-
ment of urgent programs to meet those goals. A fundamental preceptguiding
Federal marine science activities during the past year has been that of
preserving the quality of the environment. Longstanding national efforts
to protect U.S. citizens from natural hazards of the environment have now
been joined by the important and essential objective of protecting the en-
vironment from man and his technology.

The first chapter of this annual report reviews the steps taken by the
Federal Government during 1969 to advance and fund the marine science
program toward goals set forth in the Marine Sciences Act, including the
Presidential approval of a priority, five-point program for fiscal year 1971
with emphasis on development of plans for coastal zone management, coastal
zone research, lake restoration, Arctic research, and 'U.S. participation in
the International Decade of Ocean Exploration.

The second chapter highlights the issue of marine environmental quality
and examines the many important factors bearing on degradation of the
ocean, including the causes, effects and prevention of pollution, and misuse
of the marine environment; the third chapter reports on growing national
coastal zone activity and a new Federal policy for the coastal zonethe
area most threatened by problems involving marine environmental quality.

The ensuing chapters describe Federal marine science objectives and pro-
grams that serve the following public objectives:
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1. Facilitating transport and trade.
2. Developing nonliving marine resources.
3. Gaining a greater understanding of the marine environment and an

improved ability to predict its processes.
4. Improving national use of ocean data.
5. Strengthening military programs for national security.
6. Accelerating use of food from the sea.
7. Improving the training and education of marine science manpower.
8. Expanding national capabilities to work in the sea.

The two remaining chapters on international policy and the International
Decade of Ocean Exploration describe the substantial increase in interna-
tional oceanic activities, U.S. foreign policy initiatives, United Nations
activities relating to the world ocean and seabed, and the decision nationally
and internationally to implement an International Decade of Ocean
Exploration.

The decision to proceed with the five-point program reveals an important
consideration bearing on the broad spectrum of U.S. marine science
activities: The more the Nation uses the marine tnvironment, the more
knowledge it finds it requires. New problems point to the need for intensified
study and wise management of marine resources if the Nation is to extract
benefits over the long term. -

The appendices provide detailed marine sciences program and budgetary
information for fiscal years 1969-71 and include

(1) Federal legislation and congressional resolutions relating to the
marine sciences;

(2) Marine Sciences Council activities, ,:ontracts, reports, and
testimony;

(3) International marine science activities, including resolutions of
the XXIVth U.N. General Assembly, and the draft seabed arms control
treaty;

(4) Sea Grants projects and programs; and
(5) Listings of U.S. oceanographic ships and undersea vehicles, and

hyperbaric facilities in the United States.
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Chapter I

MARINE SCIENCES AND NATIONAL
GOALS

In recent years, the United States has recognized the importance and
potential that the world ocean holds for the Nation's well-being and secu-
rity. Internationally, the potential of the oceans has stirred intensified
interest.

The world community has come to recognize the ocean as a primary
generator of much of the world's weather and the source of nearly all
moisture upon which life on the continents depends. Nations which some
25 years ago first turned to the seabed for sources of fuel now realize 16
percent of the free world output of oil and gas from offshore wells. Nations
have recognized, too, that the oceans provide a source of protein that may
assist in solving the world food problem.

The United States has come to appreciate the esthetic as well as the
economic values of its precious natural coastline. Forty-five percent of the
Nation's population is concentrated in coastal counties. Future burgeoning
megalopoli will further crowd the coast, and intensified use will generate
conflict between those who wish to transport bulk cargoes of ore, fuel and
chemicals thmugh the Nation's marine gateways, those who wish to develop
industry, those who wish to live, swim, fish, and sail along the coast, and
those who seek to dump municipal and industrial waste into "convenient"
estuarine sinks.

Federal marine science activities in 1969 dearly reflected the Nation's
growing use of the world ocean. The Marine Sciences Council continued
to assist the President in planning, development of policy, and cordination
of Federal programs. During 1969 the Council placed increased emphasis
on consideration of management and institutional issues bearing on the
Nation's evolving ocean program. The policy and program decisions taken
during the year served to indicate the Nation's increased awareness of the
need to understand, manage, and make wise and efficient use of the marine
environment; an awareness that

(1) Growing concentrations of population along the coasts of the
United States and the world, with attendant problems of multiple use
and threats of marine pollution, reouire immediate, careful attention;

(2) The oceans can be used to help meet the Nation's and the world
community's economic and social needs;

7
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was devoted to coastalION polio and pogrom.



(3) New knowledge and evolving technology will speed greater, more
rational realization of the ocean's benefits; and

(4) The oceans will continue to play a major role in national defense.

In 1969, Federal programs in marine science, technology and related
activities continued to develop, and in fiscal year 1971 the marine sciences
budget will increase by approximately $19 million to a total of $533 million.

The President approved a priority, five-point program to strengthen the
Nation's marine science activities in fiscal year 1971. In support of the
President and in keeping with its legislative manmade, the Marine Sci-

ences Council examined ocean issues of national importance at a Govern-
ment-wide policy level and developed recommendations for Presidential
consideration.

In 1969, major policy and program decisions, marine research findings,
ocean engineering developments, and achievements of ocean industry sup-
ported the objectives of the Marine Sciences Act. Emphasis, in particular,
was placed on preservation of marine environmental quality and on rational
management of the Nation's coastal zone. Further study of lake restoration,
to determine the feasibility of restoring the quality of some of the Nation's
seriously damaged waters, was announced. The development of Federal
policies for coastal zone management and coastal zone research was under-
taken, and new programs of Arctic research and international cooperative
exploration were plannedeach serving to advance the United States

as a leader in marine science and resource development.

Major research programs such as the Barbados Oceanographic and
Meteorological Experiment (BOMEX) and the ocean sediment coring
program contributed to the expansion of human knowledge of the marine
environment. The cooperative Government /industry Tektite I experiment
contributed to the development of man-in-the-sea capabilities. The Gulf
Stream drift mission of the submersible Ben Franklin, the Arctic voyage
of the supertanker SS Manhattan, and the launching of the Navy's nuclear
powered research and engineering submersible, NR-1, illustrated national
advances in marine engineering and technology. Bilateral and multilateral
seabed arms-limitation discussions and the international decision to proceed
with the International Decade of Ocean Exploration as part of an expanded
program of ocean exploration and research were indicative of progress
toward peaceful, cooperative use of the world ocean.

Federal Marine Sciences Policy

During 1969, the administration gave careful consideration to marine
science problems and objectives in the context of overall national needs and
priorities. Immediately after entering office, the President asked the Vice
President and Council members for recommendations on the proposals
made by the Commission on Marine Science, Engineering and Resources.

8



On January 9, 1969, the Commission had presented its report, "Our
Nation and the Sea," to the President and the Congress. The Commission
had been established under provisions of Public Law 89-454, to "make a com-
prehensive investigation and study of all aspects of marine science in order
to recommend an overall plan for an adequate national oceanographic
program that will meet the present and future national needs." The Com-
mission's report contained a total of 122 recommendations in the areas of
marine science, marine technology, manpower development, scientific and
technical information, coastal management, coastal development, pollution
control, living resources, mineral resources, Government-industry relations,
research and exploration, global monitoring and prediction, environmental
modification, technical and operating services, and organization for the
national ocean program.

The Marine Sciences Act assigned responsibility to the Marine Sciences
Commission to recommend an overall, long-range plan for the national
ocean program, including a recommended governmental organizational
plan for the national program. Among the Commission's broad-ranging
recommendations was the call for Federal Government reorganization in the
marine sciences bringing together many of the organizationally separated
Federal agencies in a new civilian agency, the National Oceanic and Atmos-
pheric Agency (NOAA), which was proposed to serve as the principal instru-
mentality within the Federal Government for administration of the Nation's
civil marine and atmospheric programs.

Following review of the Commission's recommendations by the Federal
agencies, the President asked the Chairman of his Advisory Council on
Executive Organization to evaluate the proposal for a NOAA in the con-
text of a broader review of Federal organization, taking into account related
environmental and natural resource areas.

The organizational views of the Federal agencies are under review. The
President's Advisory Council on Executive Organization is scheduled to
report its recommendations on organization of Federal environmental, nat-
ural resource and oceanographic programs to the President by April 15, 1970.

Following careful governmental review of the report, the Vice President
recommended that Federal agencies take the Commission's program rec-
ommendations into account when developing their fiscal year 1971 and
future programs and priorities.

In May, 1969, the President requested the Marine Sciences Council to
encourage further improvements in the coordination of Federal marine

"Our Nation and the Sea," report of the Commiuion on Marine Science, Engi-
neering and Resources U.S. Government Printing Office, January 1969; and Panel
Reports of the Commission, available as a set from the U.S. Government Printing
Office: Vol. 1: Reports of Panels on Basic Science, Environmental Monitoring, Man-
agement and Development of the Coastal Zone, and Manpower, Engineering and
Training; Vol. 2: Reports of the Panels on Industry and Private Investment and
Marine Engineering and Technology; and Vol. 3: Reports of the International Panel
and the Panel on Marine Resources. In keeping with the provisions of the Marine
Resources and Engineering Development Act, the Commission ceased to exist 30
days after the submission of its report.
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science activities. To carry out the Council's responsibilities, the Vice Presi-
dent took steps to augment the Council's policy advisory mechanism by
establishing the Committee for Policy Review staffed by officials from the
member agencies of the Council at the Assistant Secretary level, and chaired
by the Council's Executive Secretary. (The Council's committees are out-
lined in table 1-1.)

Tab!' 1-1Committees of th. Marin. Sc knees Council
endcommittees of the Council have the lowest responsibility fat advising and assisting the Vico President

end the Council, analysing current and future may MN of the Federal agencies, and undertaking studies
sod submitting recommendatioos to the Council, either Si mired re on thetr awn initiative. During

Policy Review and the dMdutioss of the foaming committees: Committee on Marine Research, Educe.
tion, and recanted; Committee on Ocean Use and Environmental Services: Committee on Food
from tbe Sea; and Committee on IfultIple Use of the Coastal Lobel

Committee Reeponsibility Chairman

Committee for
Policy Review.

Committee on In-
ternational Policy
in the Marine
Environment.t

National policy pertaining to the marine
environment; review and evaluation of
marine science issues requiring inter-
agency attention by the Government
at the policy tevel; development of
analyses and recommendations for con-
sideration of such WM by the Council.
The Committee establishes interagency
task forces and subsidiary bodies, as re-
quired, to develop specific iistus and
recommendations for in consideration.

U.S. foreign policy pertaining to the
marine environment; international
activities and initiatives pertaining to
the marine environment, Including co-
operation by the United States with
other nations and participation in In-
ternational organisations and meetings.

Edward Wenit, Jr.,
Executive Sec-
retary, National
Council on
Marine Re-
sources and
Engineering
Development.

U. Alexis Johnson,
Under Sec-
retary of State
for Potitkal
Affairs.

titre tshIbbedits metti:s4 kastictbs wort of he Vice Prolate.") seers the actual Inlsivia

The Committee for Policy Review has met eight times since its estab-
lishment in June 1969, and has

(1) Endorsed establishment of an ad 'toe planning staff under the
Council secretariat to develop a detailed program for the International
Decade of Ocean Exploration, and subsequently, reviewed and en
Boned the Decade plan prepared by the planning staff;

(2) Established other ad hoe task forces to deal with significant and
urgent issues, such as coastal tone management; marine laboratories;
national technology projects; man-in-the-sea; and ship utilization
arid acted on their recommendations;

(3) Recommended assignment of lead agency responsibility for ma
rine environmental prediction to the Department of Commerce, and
approved the Department of Commerce's plan for implementing the
marine environmental prediction program;
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(4) Recommended assignment of lead agency responsibility to the
Department of the Interior for coastal zone management and requested
the Department of the Interior to develop plans for coastal zone
research;

(5) Took action on recommendations made by a Review Panel
composed of non-Federal experts which included an agency review of
major marine research programs, priorities for advanced ship research,
ports and harbors, food-from-the-sea programs, and an Office of Naval
Research review of submersible utilization;

(6) Requested and endorsed Sea Grant policy developed by the
National Science Foundation and its Office of Sea Grant Programs;
and

(7) Recommended a strengthened and broadened role for tl,$: Na-
tional Oceanographic Data Center and its Advisory Board.

rho FM-Point Program for Fiscal Year 1971

In October 1969, the President approved a priority marine science pro-
gram for RICA year 1971 with emphasis on the following five areas:

1. Coastal sone management. --A new policy will encourage States to
Improve their management of coastal areas and the Great Lakes, with a
grant program to aid States to plan and manage coastal activities. To this
end, the Department of the Interior, on behalf of the administration, sub-
mitted a legislative proposal to the Congress providing for the establishment
of a national policy for the development of coastal areas and authorization
of Federal grants, with matching State contributions, to encourage and
facilitate the establishment of State planning and regulatory mechanisms.
Such legislation should assist in insuring that rapid coastal development
does not destroy limited coastal land and water resources and that all
Interests in the coastal regions would be assured considerationfor port
development, navigation, commercial fishing, mineral exploitation, recrea-
tion, conservation, industrial development, housing, and power generation.

2. Coastal sone research.- -Steps will be taken to identify requirements
for research and analysis related to coastal sone problems, to assess the
adequacy of existing Federal, State, and other institutions to provide required
research, and to determine how additional research can be used to improve
the management of coastal tones.

S. Lake restoration. --To determine the feasibility of restoring the quality
of some of the Nation's seriously damaged waters, including the Great
Lakes, lesser lakes and many estuaries, by testing existing clean-up technology
on smaller bodies of water, and developing new methods to estai fish the
most practical and economical means, studies will be initiated. The Depart-
ment of the Interior is assigned the responsibility for the lake restoration
program, and work is already proceeding under the auspices of the Federal
Water Pollution Control Administration for research on some portions of
the problem.

4. International Dreads Ocean Bolotailon.Funding will be
vided foe U.S. programs which will be a part of the International of
Ocean Exploration, and the United States will propose international



emphasis on the following goals: Preserving the quality of the ocean environ-
ment, improving environmental forecasting, expanding seabed assessment
activities, developing an ocean monitoring system to facilitate prediction of
oceanographic and atmospheric conditions, and improving worldwide data
exchange. It is hoped that accelerated Decade planning will increase oppor-
tunities for international sharing of responsibilities and costs for ocean
exploration, and will assure better use of limited exploration resources.

5. Arctic environmental research. Arctic research activities will be
intensified, both to permit fuller utilization of this rapidly developing area
and to insure that such activities do not degrade the Arctic environment.

Funding for the implementation of these programs h provided in the
President's fiscal year 1971 budget. The programs are dearly related to
national goals and require priority attention. They reflect the appropriate
role of the Federal Government in providing information about the environ-
ment and in protecting the public interest, u for example with coastal
resources that are held in trust for U.S. citizens by the individual States.
They note the transition from the time when man had to protect himself
from a harsh environment to a new era when he must protect the environ-
ment from himself. They reflect a strong desire for other nations to join
in the exploration of the sea and to share in the cost of exploration as
well as in the benefits.

The roderal Marino Seams Budpt

Increases in the Federal marine sdences budget reflect the policy decisions
taken with the five-point program. Obligations for marine science, tech-
nology, and related activities in civilian agencies will Increase by $47
million in fiscal year 1971 over fiscal year 1970 and $74 million over fiscal
year 1968, as indicated in table 1-2. The increase for civilian programs is
partially offset by reductions in Navy mapping and charting and deep
submergence programs.

A major trend in the new and expanded programs in civilian agencies
involves observing, measuring, and understanding conditions and trends
In the marine environment and man's impact upon it; this trend is reflected
In table I-S which presents the Federal marine sciences program by major
purpose. Increases are provided in the National Science Foundation for the
International Decade of Ocean Exploration, for expanding the ocean bed'.
meat coring program, for Arctic research, and for the national Sea Grant
Program--partkularly to support coastal tone research. Funds are requested
for the Department of the Interior for the new coastal tone management
grant program and for the initiation of a lake restoration program. Increases
in the Department of Transportation will permit expansion of advanced
development of ocean data buoys for monitoring weather and sea conditions.
In the Department of Commerce, increases are provided in the Maritime
Administration for beginning a long -teen program for reducing ship operat-
Irqg costsa put of the administration's maritime program.
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Within the Department of Defense, the Advanced Research Projects
Agency will begin work on surface effects vehicles. However, this increase
in defense is more than offset by reductions in other areas.

Developing a Contorted National Effort

An overview of the Nation's marine science program highlights the
wide range and diversity of purposes, institutions, specialized bodies of
knowledge, and Federal activities that make up the missions of II depart-
ments and agencies. Two administrations since enactment of Public Law
89-454 have employed the Marine Sciences Council to assist the President
in marine science policy development, planning and coordination so as to
develop a concerted national effort. Underlying the Council's method of
operating are three concepts

(I) It should aid in strengthening the programs of the agencies and
in coonlinating activities so as to foster an enterprise stronger than the
sum of its parts;

(2) Its scope of activity, in keeping with the spirit of the legislation
to take into full account all the uses of the oceans, should be broader
than programs of scientific oceanography; and

(3) Emphasis should be placed on the institutional framework and
governmental processes by which science is blended with considerations
of law, socioeconomics, and public policy and should seek new ideas
within and outside Government.

The Council has assisted two administrations to (a) identify unmet
needs awl opportunities to which Federal marine science programs could
be directed, especially gaps in programs that cross agency lines; (b) recom-
mend priorities on a Government-wide basis by selecting areas deserving
additional emphasis; (e) identify impediments to progress and strategies
for their circumvention; (d) develop policies by which the objectives and
programs of one agency will not inadvertently conflict with equally valid
but independent activities of another; (e) recommendin those cases
where missions of several agencies may overlap that one agency assume
a lead responsibility for Government-wide planning, guiding, coordinating,
and assuring fiscal support; (f) coordinatethrough a committee struc-
tureprograms which are of concern to many agencies; (g) insure that the
appropriate sources of the Federal Government are brought to bear on
mutually agreed upon goals; (A) evaluate programs so as to eliminate
marginal activities; and (i) develop background, legal, economic, and tech-
nological studies for identifying ahernative policies and criteria for choke.

The Marine Sciences Council's professional staff includes specialists in
ocean sciences, engineering, national security affairs, public administration,
data, marine geology, economics, and international relations. The Council
staff assists in identifying policy issues, developing and analyzing background
matertali and Proposing sedan programs. Also, the Council obtains addi-
tional advice through contract studies and from its consultants.
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In addition to developing recommendations for the President, the Coun-
cil, through its secretariat, has-

(1) Prepared an annual report for the President-a comprehensive
description of the marine science activities, funding, and accomplish-
ments of all agent: s and departments of the U.S. Government;

(2) Sponsored iegal and long-range policy studies, directed toward
developing background for Presidential policy development and pro-
gram coordination;

(3) Released to the public a compilation of Z600 marine science
projects sponsored by the Government, oceanographic ship operating
schedules, potential of spacecraft oceanography, and documentation on
marine science activities of some 100 countries; 1

(4) Brought the views of State and local governments, universities
and industries, more directly into the main stream of national policy
planning; and

(5) Responded to congressional requests for testimony and com
mentary for several congressional committees on legislation dealing with
marine affairs.'

Table 1-2-Total Federal Program I by department and Independent
Agency

(to 1211Boas et dollars)

Mitigated
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Department el the Interior 80:8 98. S 95.0
NationalScience Foundation 34.9 40.7 63. 0
Department el Ammerce 381 49.2 58.9
Department el' Transportation 19.8 31.3 $42.6
Atomk Energy Commission 10.6 10.0 9. 7
Department of Health, Edueadon, and Welfare 7, 3 7. 0 9.0
Department ni State & 9 7. 7 8.4
Agency for Internadonal Development 2.6 2.6
Smithsonian institution. 1.9 1.9 2.4
National Aeronautics and Space Administration... 1.9 1.8 1.8
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Table 14-Total Fodoral Marino Selma Program' by Major Purple*
Ito millions of adios)

Activity and suppccting Nem
Estimated
!Leal year

1901

Estimated
fiscal year

1970

President's
budget

Emus! year
1471

International cooperation and collaboration 8.4 10.3 11.0
National security 127.2 129.1 116. I
Fishery development and seafood technology 45.3 52.2 45.6
Transportation 16.7 29.6 40.9
Development of the coastal zone 32.1 40. 7 45.8
Health 6.0 5.9 8.2
Nonliving resources 8.0 9.2 9.2
Oceanographic research ' 78.4 82.5 108. 2
Education 6.7 8.4 8.2
Environmental observation and prediction 33.7 SI. 7 32.8
Ocean exploration, mapping, charting, and geodesy. 79.7 89.4 74. 7
General purpose ocean engineering 19. I 22.8 29.5
National data centers 2.2 2.7 3.0

Total 463.5 514.5 533.1
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Chapter II

PERSPECTIVE ON PRESERVING THE
MARINE ENVIRONMENT

The earth is a water planet. The global ocean's 140 million square miles
of surface and 330 million cubic miles of water stretch over 70.8 percent of
the earth's surface and wash the shores of over 100 nations. The waters of
the ocean have a profound influence on man and his environment. They
play a major role in governing his climate. Their phytoplankton produce
over half of the earth's oxygen. They are a rich source of food, energy, and
minerals, a highway of commerce, a receptacle for wastes. The ocean's shores
are the site for urban centers and industry, a place of refuge from industrial
civilization for the commercial and sports fisherman, swimmer, boatsman,
and sunbather.

Man is only one of the ocean's users, and the most recent. The ocean,
likely the original source of life, is populated by a pyramid of living crea
tures whose abundance, variety, antiquity, peculiarity, beauty, and balance
are among nature's wonders. Life is found throughout the ocean's waters,
but most living creatures of the sea Inhabit the coastal zone and the shallow
continental shelf areas. Here land and weer meet and the nutrients mingle.
The estuaries, lagoons, wetlands, and beaches are primary sanctuaries for
water fowl, nurseries for coastal fisheries, habitats of a rich variety of plants
and animals. It is estimated that most of the total domestic U.S. commercial
fish catch is obtained from the Nation's coastal zone.

Uptetthes the Ocean's teeleglesi Balance

The history of life in the ocean is one of interaction between the living
creatures and the oceanic environmentthe water, the air, and the land.
To a large extent the shapes and habits of each living creature in the sea
have been molded by that environment. Each has adjusted to and has
been shaped by the ocean, and over the millions a yeast a arks of deli
rattly adjusted, interlocking relationships have developed. The life of all
parts of the ocean Is linkedthe plankton to herring and mackerel, to tuna
and shark, to squid and whale. These links also extend to the land and man.

Today, in many places, the ocean's ecological balance Is endangered.
Man has acquired and employed the means, deliberate or accidental, to
alter the ocean environment, and measured in the time of evolutionary
%lenge the living creatures in that environment do not have the time to
adjust. Contamination of the ocean has begun. Chemical wastes from Inc.

Pasties kit feud ski et/ a/ Cleatini sa fate tat
tAioriaata a genie* #1 Lila iris Ntessiit
asthma aitA piste Si gain. 444,
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tories, heat from powerplants, domestic wastes and sewage from cities and
towns, insecticides and fertilizers from land runoff, atmospheric fallout
of gasoline vapors, low level radioactive wastes from reactors, laboratories,
and hospitals are all flowing into the ocean. The sheer bulk of the material
disposed of and the presence of new tyres of nondegradable waste products
are now beginning to affect the °eta:, at an increasing rate; the wastes
can no longer so readily be diluted, dispersed, or degraded.

Dumping' and discharges into the water are only part of the problem.
Physical changes in the coastal environment result from erosion due to
wind, waves, tides, storms, and man's uses and misuses of coastal lands.
Erosion introduces pollutants into the water; the material moved and
deposited clogs navigation channels and suffocates marine life. Modifica-
tions of submarine areas by dredging and mining disturbs the habitat of
marine and marsh life. Upstream dams and river diversions permit saline
water intrusions from ocean to estuary to the detriment of marine life.

As a consequence of these actions and activities, ocean pollutiononce of
little concern because the ocean was considered so large as to be unlimited
in its capacity to absorb wastesis recognized as a growing problem. We
have found today, as we found earlier with our rivers and lakes, that every
body of water, including the ocean, has limited capacity to absorb and
neutralize inflowing materials.

Pressures are mounting which will aggravate these problems. The world's
rapidly growing population is clustering near the coastlines. In the United
States, 75 percent of our population inhabits States bordering on a 17,000 -
mile shore; 45 percent of our population lives in coastal communities, and
coastal urban development is mounting. By the year 2000, the U.S. popula-
don will increase by about 60 percent and most of our major megalopoli will
crowd the Nation's coastal zone. Other areas of the world face similar
pressures of man and his technology on the environmentof the world's
10 largest metropolitan areas, seven lie on major oceanic estuaries.

The growth of population and its migration to the shore have led to
expanded activities on and uses of the sea, worsening the pollution problem.
A preponderance of the Nation's heavy industrial investment is located
along the coast. It is estimated that, despite abatement efforts, industrial
pollution of the ocean alone is growing at a rate of 43 percent annually
three times faster than the growth of population. New uses of the coastal
zone are foreseenoffshore airports, oil terminals, nuclear power generation
plants and trunk sewers. The 16,000-ton tanker of 25 years ago has given
way to today's 300,000ton supertanker, with the potential for massive oil
spills resulting from accidental breakups. With more ships on the salaries,
more accidents are likely. With mote offshore oil drilling, the threat of
well blowouts increases. Some 16,000 oil wells have already been drilled
off U.S. coasts, and the number is augmented by 1,000 each year. The Presi-
dent's Panel on the Santa Barbara, Calif., oil spill concluded we may expect
an average of one major oil spill each year after 1980.

In 1969 a number of serious Incidents signaled future dangers of ocean
pollution. The Santa Barbara oil spill, described in chapter III, destroyed
waterfowl and . rty. The Food and Drug Administration was forced to
condemn some II 000 cola salmon caught in Lake Michigan because they



contained unacceptable concentrations of DDT. The Heyerdahl expedition
drifting in midocean between Africa and South America encountered
numerous large patches of putrid water, and reported the ocean was
"visibly polluted by human activity." The voyage of the tanker Manhattan
to the Arctic suggested the need to prepare for possible oil spills in polar
regions. Scientists investigating the "Crown of Thorns" starfish whose ex-
plosive growth has led to the destruction of Pacific Ocean corals attribute
the growth in part to man-induced pollutants and the physical modifications
resulting from dredging and blasting which reduced the starfishes natural
enemies.

Characteristics of Ocean Pollution

Pollution of the ocean has several pronounced characteristics. First, it is
long lasting. Rivers renew themselves each year and carry pollutants from
their course, and lakes can cleanse themselves over decades or centuries. But
the ocean is the final depository of pollutants which will remain there for
thousands of years. This is particularly true of materials which do not dis-
solve or readily break down in water. Lead from gasoline exhaust entering
the oceans today will be circulating or deposited on the sea floor centuries
from now.

Some pollutants in the sea may accumulate in the ocean's food chain
where they build up in the marine life cycle. Entering the food chain in
marsh water from agricultude runoff, DDT travels through the food chain
and accumulates in fish-eating birth In often injurious concentrations. It has
interfered with the reproductive cycle of the osprey and peregrine falcon
and has been found in large quantities in Antarctic skua, Atlantic and
Pacific shearwaten and Bermuda petrels.

The global ocean Is a great circulating system in constant horizontal and
vertical motion. Pollutants entering the system may travel long distances
over the earth's surface. Pestiddes used on the African Continent have been
found in the Bay of Bengal and the Caribbean Sea after traveling k the
monsoon and the northeast trade winds. Some of the pestkides found in the
Crest Lake color salmon appear to have originated far inland. Acetone and
butyaldehyde, harmful to life, have been detected In surface waten of the
Florida straits, the Mediterranean Sea, and the Amason estuary.

Nor is ocean pollution any respector of politkal boundaries. Like the
ocean environment, it reaches the shorn of many States and nations. Mr
and ocean pollutants travel long distances and can menace the ecological
balance and environmental quality of nations far from the source.

Sources of Pollutants

Pollutants enter the ocean from many sources. The quantity of munici-
pal, industrial, and agricultural waste deposited In the ocean h enormous.
With urbanisation, oceanic waste disposal is lamming, particularly affecting
the quality of water near population concentrations and in estuaries.
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Municipal sewage includes almost everything that goes down the sewer
system from homes and streets. Agricultural wastes include salt from erosion,
fertilizers, pesticides and runoff from feedlots. Industrial wastes consist of
acids, chemicals, and animal and vegetable matter produced by paper, steel,

meat processing, and other industries. Dredging spoils, sand, refuse, waste
oil, industrial chemicals, and sludges are transported by tug and barge and
dumped into the ocean. Industrial chemicals released in the atmosphere or
dumped into rivers find their way to the ocean. Drycleaning solvents are
evaporated into the atmosphere at a rate of 350,000 tons per year. In the
United States 1 million tons of gasoline yearly is lost through evaporation,
much of which is eventually deposited in the ocean.

Specific oceanic disposal areas are defined off New York Harbor for sew-
age, sludge, mud, and stone, cellar dirt and waste acid; off Delaware Bay
for sewage sludge; off Boston and Charleston Harbors for dredged material.
The overall affect of such large-scale disposal on the ma.-ine environment
will require careful study.

Because of its highly industrialized society, the United States is believed

to be responsible for approximately one-fifth of the world's coastal effluents.
Estimates indicate that 48 million tons of solid wastes were disposed at sea
off U.S. coasts in 1968 at a cost estimated at $29 million. These estimated
amounts and costs are set forth in table II-1.
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Table 11-1Estimated Amounts and Bests of Wastes Barged to Sea Inn

Wastes
Pacific toast disPoeal Atlantic coast disposal Galt coast disposal

Tons Cost Tons Cost Tons Can

Dredging spoils 7,490000 11,176,000 s Ike* 003 1A,0011,000 14803,000 $3, BOO, 003
Industrial wade. (themkals,

acids, caustics, cleaners,
Madre*, vista Booms, oily
watts, eta.):

Balk 011,000 061,000 1, 011, COO s 404 OCO MO, O00 4402,000
Containerised 110 14, 000 %MO 17,003 1,000 171,000

Outage and trash r 91, COO 102, COO
Miscellaneous (a41904 Pals,

.roiled food, confiscated
material, etc.) 903 1,000

Brno Madge I 4,177, CO) 4, MS, OCO
Construction end desoolitke

debris 174O00 434000

Totals 6,477,100 4,177,000 KIM MO 114 904,000 14404000 I, sell, COO

.13_o_oet Muds °Way tawritioas.

tio 4-18, DUCCIAltasktabapiseCt. 4700 toospineseiteNelci
{w cent

dryst=waLrolrinfitioNximice=ottyr 264:101.
tons dry solids pet yeas betas to sea.

Source: Matins Dbp001 ct &Leif as4 en Intettin licusanary, Ott. 19. DBlinebam_ Corporation,
grBocon011191/ 111110. bat Vitt to Burma et Bond Butes Mamtmeat, Depattment of

b, tdocatkes,114 Wewars,

Oil pollution is an increasing threat to the marine environment The
world's annual oil production of 1,800 million metric tons, is increasing 4 per-
cent each year. Some 60 percent (or 1,000 million metric tons) is transported
by sea, much of it in restricted shipping lanes Estimates indicate that 0.1 per-
cent of the total transported, or about 1 million tons per year, is spilled or
leaked into the marine environment.

More dramatic and destructive in the short term are massive oil spills
such as the Torrey Canyon tanker disaster and the drilling mishap at Santa
Barbara. The harmful effects of the spills, and in the case of the Torrey
Canyon the destruction from use of detergents to clean up the oil, were
serious for property and marine life. High mortality of waterfowl and ma-
rine life, accumulation of hydrocarbons in the food chain of surviving fish,
and overall damage to marine life and property were observable
consequences.

Burned fossil fuels, of which the United States is responsible for over one-
third of the world's total, go in part to the seas as residues containing carbon
dioxide, sulphates, and nitrates. Estimates indicate the carbon dioxide level
of ocean surface waters has increased markedly since the beginning of the
industrial revolution. Solid smoke particles accumulating in ocean sedi-
meats may alter the chemical composition of the ocean.

Two heavy metals, kad and mercury, enter the ocean in part through
man -made discharge. Estimates indicate that about 10,000 tom of kad are
introduced yearly. Lead concentrations In the Pacific surface water have
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jumped tenfold since tetraethyl lead was first used in gasoline 45 years ago.
While some 4,000 to 5,000 tons of mercury are estimated to enter the oceans
annually by natural erosion, man introduces an equivalent amount. The ele-
ment accumulates in fish and plants.

One of the most abundant of the manmade pollutants in the sea is DDT,
which is transported in the form of agricultural run off. Like many other
manmade substances DDT does not degrade readily in water; nature's
natural decomposing forces cannot break it down. Some scientists believe
that two-thirds of the 1.5 million tons of DDT produced by man may still
be adrift. Moreover, DDT concentrates in the food chain and today is
found in all oceans and all marine organisms as well as man.

Other forms of environmental degradation result from man's activities.
Physical modifications, such as dredging and filling, construction of dams,
diversions, jetties, groins, hurricane barriers and heavy waste disposal, alter
natural processes and cause pollution. Heating of coastal waters by industry
decreases the oxygen carrying capacity of water, adversely affecting marine
life. Seabirds catch their necks in plastic soft drink holde.'s; plastic bags
clog water intakes; lost synthetic fishing nets which do not sink or disinte-
grate continue to catch and destroy fish for years.

Effects of Ocean Pollution

The current effects of marine pollution are harbingers of the serious
problems which lie ahead if it is not curbed. Domestic sewage disposal ha;
already spoiled large areas of U.S. shoreline, sections of Lake Erie's accessi-
blc shoreline are now off limits to swimmers and fishermen; many estuarine
areas in other parts of the country face similar restrictions.

The long-range consequences of pollution are visible in the Great Lakes,
especially Lake Erie. The lake is suffocating to death as a result of man-
made pollution over the past 50 years. By dumping detergent phosphates,
fertilizer nitrates and other pollutants into the lakes, an enormous growth
of algae has been generated consuming the oxygen and choking off other
life in the process. In five decades the lake has aged the normal equivalent
of 15,000 years. Though the cause is not completely known, similar condi-
tions are found today in the shallow Baltic Sea where the dissolved oxygen
has decreased in lower depths and dissolved phosphorus has increased.

The hazards to animal life are severe. The shellfish in an estimated 1

million acres, or 8 percent, of the Nation's shellfish grounds have bet
declared unsafe for human consumption. Fish kills in the United States
resulting from identifiable pollution sources, principally in fresh wat, r
and estuarine areas, are mounting. In 1968 alone, an estimated 15 milk
fish were killed by pollutants, 31 percer more than the previous yea
Municipal sewers and treatment plants, industrial waste and transportati
accidents were the main causes. In 1969, a chemical spill in the Rhine R A
killed an estimated 40 million fish.

The long-range consequence of many pollutants is not clear. The eff

of the ocean's increased lead content upon marine life is unknown, as
the long-range impact of the accumulation of solid smoke particles in ecea
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Serious beach erosion and wall damage such as this shown at Cliff Walk, Newport, R.I.
Point to the need for a planned approach to shoreline development. By investigating
and determining suitable methods for protecting, restoring and developing the shore-
line against wave and current erosion, the recreational and esthetic features of our
coasts can be preserved.

sediments. New chemical substances are created at the rate of 400 to 500
annually. Many of them are toxic and will find their way to the ocean; yet
full knowledge of their biological effects is lacking and removal methods
for them are poorly developed. At the present state of research it is not
possible to predict reliably the effects of a given dose of solid waste on the
marine environment. Man is still largely ignorant of the long-term and
low-level effects of chronic crude oil pollution, such as that released from
tankers flushing storage tanks at sea. These effects may be serious and
longer lasting. Their dangers are likely to become more critical as transpor-
tation of oil, its products and synthetics increases and as petroleum produc-
tion shifts increasingly to Continental Shelf sources.

Physical modifications of the shoreline, while they may be beneficial to
man in numerous ways, can also be harmful. They alter the natural environ-
ment and sometimes speed up or slow down the effects of erosion.
Dredging unsettles bottom sediments, removes bottom dwelling marine
life, reduces the water's ability to assimilate oxygen-demanding wastes,
blankets fish nests and masks out light required by aquatic plants. The
spoils of dredging dumped as land fill increase water turbidity, smother
bottom organisms and alter depths, changing the marine habitat. Darn
construction creates barriers to upstream breeding migrations of marine
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fish, alters water salinity, affecting marine life such as crabs, shrimp, and
oysters. Jetty and groin construction alters the local movement of sand,
changing beach ecology and upsetting sessile organisms. Hurricane barriers
disturb the normal circulation of bay waters important to aquatic life.

Yet, not all modifications or pollutants are harmful. The heating of
coastal waters by the electric power industry provides an example. Under
certain circumstances the increased temperature may enrich the productivity
of an area by accelerating growth and provide a valuable asset in commercial
production of crabs, shrimp, and fish. It may also enhance an area's recre-
ation potential. Aquaculture can be improved through fertilization, and
greater yields can be achieved in some cases by fertilizing ponds with bio-
logically purified sewage effluent. Chemical wastes can settle turbidity and
clarify water. Car bodies, tires, and rubble have been tested for use as arti-
ficial marine habitats for sport fish, and certain acid wastes reportedly have
attracted sportfish. Coastal works can help preserve the environment from
degradation. More study of the possible beneficial uses of controlled pollution
and modifications is needed.

International and National Concern

The dangers of environmental pollution have generated international and
domestic concern. Strong public pressures are now building up to determine
the nature and extent of these problems and to find solutions to them. Re-
cently the United Nations General Assembly adopted a number of resolu-
tions calling for investigation of the problems and the need to reduce marine
pollution'

The Intergovernmental Maritime Consultative Organization (IMCO),
the Food and Agriculture Organization (FAO), the World Meteorological
Organization (WMO), and the United Nations Educational, Scientific and
Cultpral Organization (UNESCO) have established a joint Group of
Experts on the Scientific Aspects of Marine Pollution' In November 1969,
the IMCO assembly decided to convene an international conference to con-
sider adopting a convention on questions relating to marine pollution from
oil. The Intergovernmental Oceanographic Commission's Comprehensive
Outline of the Scope of the Long-term and Expanded Program of Oceanic
Exploration and Research provides for scientific studies on ocean pollution.'
NATO nations recently acted to enhance their work in the field of the
human environment and have urged that this area become one of broader
East-West cooperation.

Related international activities promise to increase in the future. The
FAO plans to hold a conference in 1970 on marine pollution and its effects
on living resources and fishing. The Council of Europe has scheduled a
conference on Man and Environment in Strasbourg, France, this year.
The Economic Commission for Europe is preparing for a Conference on

Recent resolutions of the U.N. General Assembly on ocean pollution are included
in app. L)-1.

'Additional actions of the U.N. family of organizations concerning ocean pollution
are discussed inch. XIII.

'The expanded program is discuued in greater detail in ch. XIII and XIV.
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Problems Relating to the Environment in 1971. The U.N. General As-
sembly plans to convene in Sweden in 1972 a U.N. Conference on The
Problems of the Human Environment, which will include issues related
to marine pollution. IMCO plans an international conference to consider
reducing ship contamination in 1973.

In the United States recently, concern about the environment and marine
pollution has heightened. It has been reflected not only in increased public
discussion but also in governmental initiatives and new legislative propos-
als. Some of the major milestones of U.S. legislation creating policy and
regulatory authority for preservation of the marine environment are listed
in table 11-2. At the Federal level a large number of agencies have important
responsibilities for coastal development through such varied functions as
water quality planning and enforcement; waste management; control of
beach erosion; improvement of ports, harbors and waterways; conserva-
tion; provision of nautical charts and sea and storm prediction; acquisition
and development of recreational lands and waters; enforcement of mari-
time safety; shellfish culture sanitation; assisting commercial and sport fish-
ing; and development of scientific understanding of the coastal ecology.
Major Federal agencies active in the field and their programs are described
in chapter III.

Table 1I-2Selected U.S. Milestones in Preserving the Marine
Environment

Year Legislation and governmental initiatives

1899 River and Harbor Ad. Prohibited (I) discharge or deposit of refuse into
any navigable waters, except that which flowed from streets and sewers
in a liquid state; (2) excavation or filling in navigable waters; (3) con-
struction of piers, dams, bridges, and similar works in harbors and
navigable waters without permit from the Secretary of the Army acting
through the Chief of Engineers.

1912 Public Health Service Ad. Authorized surveys and studies of water pollution,
particularly as it affected human health.

1924 Oil Pollution Act. Prohibited oil discharges, damaging to aquatic life,
harbors and docks and recreation, into the territorial sea and navigable
inland waters.

1930 River and Harbor Act. Authorized the Chief of Engineers under the
direction of the Secretary of the Army to make investigations and
cooperative studio with States for the purpose of preventing erosion of
coastal and Great Lakes shores by wave and currents.

1945. Executive Order 9634. Provides for establishing fishery conservation zones
in areas of the high seas contiguous to the coasts of the United States
and allows for establishing marine wildlife sanctuaries as a fishery
conservation measure.

1948 First Federal Water Pollution Control Act with a 5-year expiration date.
1953 Federal Water Pollution Control Act extended for 3 years.

Outer Continental Shelf Lank Alt. Extended the Secretary of the Army's
jurisdiction concerning obstructions in navigable waters to include
artificial islands and fixed structures located on the Outer Continental
Shelf; authorizes the Secretary of the Interior to require the prevention
of pollution in offshore oil or mining operations; the Coast Guard
administers the aces safety provisions.
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Table 11 -2 Selected U. S. Milestones in Preserving the Marine
EnvironmentContinued

Year Legislation and governmental Inilatives

1956 First permanent Federal Water Pollution Control Act. Extended and strength-
ened the 1948 law in areas of enforcement and research and initiated
grants for construction of waste treatment works.

1958 River and Harbor Act. Authorized a comprehensive project to provide for
control and erradication of obnoxious aquatic plant growth in navigable
waters, their tributaries, and allied waters in 8 States.

Fish and Wildlife Coordination Act. Requires consultation with the U.S.
Fish and Wildlife Service and the responsible State agency whenever
the waters of any stream or body of water are controlled or modified.

1961 Federal Water Pollution Control Act Amended. Further strengthened enforce-
ment authority and increased support for construction of municipal
waste treatment works and research; authorized storage of Corps of
Engineers and other Federal reservoirs for the regulation of stream flow
for the purpose of water quality control.

Water Quality Act, further amending the Federal Water Pollution Control Act.
Established a Federal Water Pollution Control Administration in
Department of Health, Education, and Welfare. Required establishment
of water qualty standards for all interstate and coastal waters.

1966 Clean Water Restoration Act, further amended Federal Water Pollution Control
Act. Greatly increased authorizations for granto to help build sewage
treatment plants, for research, and for grants to &ate water pollution
control programs. Transferred administration of the Oil Pollution Act
from the Secretary of the Army to the Secretary of the Interior.

Reorganization Plan No. 2. Federal Water Pollution Control Administra-
tion transferred to Department of the Interior under President's Re-
organization Plan No 2.

Executive Order No. 11288. Required all Federal agencies to comply
with provisions and standards of Federal Water Pollution Control Act
and cooperate with the IDeparti:ent of the Interior and State govern-
ments in preventing or controlling water pollution.

1969 National Enoirmonental Polk" Act. Enunciated pclicy to create and main-
tain conditions under which man and nature can exist in productive
harmony, established the Council on Environmental Quality in Executive
Office of the President, provided for annual Presidential environmental
quality report, and specified need for interagency cooperation.

1970 Executive Order 11507. Strengthened requirement for all Federal
agencies to comply with the Clean Water Act, the Federal Water
Pollution Control Act and the National Environmental Policy Act
in prevention, control and abatement of air and water pollution at
Federal facilities.

Source: Federal Water Pollution Control Administration, U.S. Army, Corps 01Englneers, Commission on
Marine Science, Engineering and Resources.

The Federal Government has responsibility for national leadership in
preserving the marine environment, defining national policy and objec-
tives for managing the coastal areas and for assisting the States in develop-
ing and implementing planning. The Federal Government furnishes sup-
port and guidance for scientific research and training and services such as
flood control and beach restoration; it also issues permits for uses and modi-
fications and monitors the development and physical conditions in the
coastal areas.

In line with this role the Federal Government is acting to strengthen the
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existing Federal and State capabilities for preserving the marine environ-
ment. On February 10, 1970, in his environmental message to the Congress
the President outlined a comprehensive 37-point program to guide the
Nation in restoring the environment. Important sections of the message
were devoted to water pollution. The Government has proposed legislation
to encourage States to assume a greater responsibility for planning, regu-
lating and managing their coastal areas, and has ordered immediate steps
to reduce air and water pollution caused by Federal projects and installations.
It has authorized additional expenditures for water pollution control. The
Council on Environmental Quality was established by legislation to insure
that all programs and actions are undertaken with a careful respect for
the needs of environmental quality, and a Cabinet Committee on the En-
vironment was created to coordinate Federal activities in the environmental
field and ascertain that environmental considerations are taken into account
in programs of Federal agencies.

Z.
141:1

7'4:4 ". .

--: -r)
,,,Ktr-',,

- ' "-T44.

1," .. - -.... - -

-4 '*(.. ;I . CAPE HATTERAS

:AcVv..;: '''.- OCEANOGRAPHIC

,,I,,:t.'

' '..- -` BARRIER
ilt,!"

41-5 i.-..

'4' ESTUARINE ...
.---

DISCHARGES ef,..,
y,., 7,Larl=re 4 t V /

tt.., VIRGINIAN
COASTAL WATERS,F

Water discoloration shown in Apollo 9 photographs of Cape Hatteras indicates tidal
estuarine discharges from Pamlico Sound, N.C. Remnant plumes from the previous
ebb flow, a southerly flowing Virginia coastal current, and the Gulf Stream boundary,
are also clearly visible in the photograph.
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The responsibility for preventing and controlling water pollution and
managing coastal resources rests mainly with State and focal governments.
While these governments are demonstrating grater interest in water pollu-
tion control, coastal development and resource management, many have

not yet developed fully adequate machinery to meet their needs. Recent
legislation proposed by the Administration would provide Federal assistance
and support establishing administrative machinery, enforcement powers

and authority.
Industry, business, and agriculture also share the concern fc r our water

resources.

Acting To Preserve the Marine Environment

The mounting international and domestic concern for environmental
preservation and restoration can provide a useful stimulus to inspire the
actions to save the marine environment from harm. Most of the deep ocean
today appears to be still largely undamaged by pollution. But the most used,
productive and valuable partthe coastal tidelandsis suffering damage in
places, the source of which is frequently river and estuarine pollution.

Our impact on the marine environment must be regulated so that the
coastal areas and the deep ocean can be preserved, developed and used for
our continuing benefit. This can be accomplished through comprehensive
management, beneficial use, protection and development of the coastal
areas employing Federal, State, and local governments and public and
private interests. This does not mean that the ocean need be maintained in
its primeval purity. It is clear that the seas can and will be used to absorb
some waste products. The guiding principle should be to manage the ma-
rine environment so as to permit optimum, balanced use of the environment
by recognizing and accommodating the diverse, competing private and
public interests while at the same time preserving the quality of the coastal
environment and conserving its resources. Such an approach will hold open
options for various future uses.

The elements of such a management program should include mutually
agreed policy, objectives and functions; legislative authority to carry out the
program; basic knowledge for effective management; planning and imple-
mentation provisions; regulation, control and coordination authority; finan-
cial and manpower resources; and public awareness and acceptance.'

Science and technology become valuable tools in such a management pro-
gram. To apply laws and regulations wisely to the natural environment
requires an understanding of what natural conditions govern that environ-
ment, and how man's activities affect them.

Basic scientific information enables us to define the ecological base from
which we operate; to understand the natural forces at work; to predict the

Elements of such a national approach to managing the coastal waters and adjacent
land are outlined in the U.S. Department of the Interior's Federal Water Pollution
Control Administration study entitled "The National Estuarine Pollution Study, A
Report to the Congress," Nov. 3, 1969 and the Report of the Commission on Marine
Science, Engineering and Resources, "Our Nation and the Sea," Washington, D.C.
January 1969.
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harmful and beneficial consequences of man's activities on the environment.
From this comprehension, we can employ better engineering and technology
to maintain water quality, control beach erosion, and create modern ports
and harbors. With such inforniation, we can generate criteria to define
options and make choices among alternative regulatory actions, public
and private uses of the seas and coastal lands, and costs. This information
is fundamental to the political decisions needed to manage the environment.

We still lack much of the knowledge needed to provide the understanding
required to assess and predict the effects of man-induced and natural modi-
fications of the marine environment. In the absence of this information about
the ocean's ability to absorb stresses and remain healthy, human activities
may generate transformations that destroy, perhaps irreversibly, desirable
properties of the marine environment.

The scientific information required includes establishing baselines or
standards from which we can detect and measure environmental changes
which may occur over the next 10, 20, or 50 years. We need to know what
pollutants and in what quantities are entering the ocean; how much pollu-
tion the marine environment can absorb without substantially harming
other uses; how marine pollutants circulate and disperse, degrade, and con-
vert to other chemical and physical forms; and what effect man's physical
modifications of the coastline have on water dynamics, marine life and
sedimentation. Much remains to be learned about how pollutants enter the
life cycle of marine organisms and what effect they have on them; and
about how to treat ocean pollutants. An adequate pollution monitoring sys-
tem could furnish information which would provide the scientific basis for
assessing and predicting man-made changes, identifying and controlling
pollutant buildup, managing waste disposal and safeguarding the physical
and biological quality of the oceans.s

The planned approach to preserving and enhancing the ocean environ-
ment underlies the President's five-point marine science program of Octo-
ber 19, 1969, which calls for deliberate action to encourage States to plan
for and manage the land and water resources of their coastal zones; to
provide assistance in research required for sound management of their
coastal zones; to begin a lake restoration program directed toward under-
standing the actions that would be required to reverse unfavorable trends
in the quality of our Nation's lakes; and accelerate ocean-related research on
the interaction of man with the Arctic environment. Recognizing the need
to initiate international action, the program proposes a world-wide environ-
mental quality program as part of the International Decade of Ocean
Exploration.

This approach recognizes that the ocean and its resources are limited
and vulnerable and that through careless use of technology we can gravely
damage them. It also recognizes that by acting wisely now we can still
preserve the ocean, its air, water and life for future generations.

A useful discussion of the needs of a worldwide system of ocean pollution
monitoring is contained in "Global Ocean Research," a report prepared by the Joint
Working Party on the Scientific Aspects of International Ocean Research nominated
by the Advisory Committee on Marine Resources Research of the FAO, the Scientific
Committee of Oceanic Research of the International Council of Scientific Unions and
the WMO Advisory Group on Ocean Research, Ponza, Rome, and La Jolla, Calif.,
1969.

29



Chapter III

ENHANCING THE BENEFITS FROM
THE COASTAL ZONE

Thirty States, with more than 75 percent of the Nation's population, lie
on the coasts of the Atlantic and Pacific Oceans, the Gulf of Mexico, and
the Great Lakes. More than 45 percent of our urban population lives in
coastal counties, and almost all of the major rnegalopoti now projected for
the year 2000 are in the coastal zonethe margin where land and water meet
and interact.

Shipbuilding, maritime commerce, and the fishing industry could have
developed only in the coastal zone. Our naval strength and our seaward
thrust for offshore oil, gas, and minerals must be based there. Many industries
have found it advantageous to locate there because of proximity to ocean
transport, labor, and produce markets. With their growing leisure time and
disposable income, the American people increasingly seek the esthetic bene-
fits of the coastal zoneits climate and opportunities for swimming, sport
fishing, and boating. Tens of millions live or vacation at coastal resorts,
retirement homes, and beach cottages. Millions more regularly head for
beaches on weekends. Many others find business opportunities there. Figure
III-1 exemplifies the increasing demand for coastal recreational facilities.

In the early stages of a shoreline's development, a few small, individual
actions by users may have relatively little effect on the ecology, and upon
other potential users. As the extent of usage grows, the environment is in-
creasingly modified, often in ways which are reversible only with difficulty.
Further, as early users become entrenched, later ones may find themselves
preempted. As examples, dredging, filling, and coastal construction have
already impaired the capacity of large areas to support fish and wildlife;
municipal, industrial, and agricultural wastes have turned many rivers into
open sewers, and altered the ecological balance of the estuaries into which
they flow; and the limitations imposed by extensive private ownership have
sharply reduced public access to beaches at a time when a growing and
increasingly affluent population demands more recreational opportunities.

The diversity, magnitude, and significance of activities in the coastal zone
require that many diverse interests must become involved in its management,
if balanced multiple usage is to be assured, and further degradation of the
environment avoided. This participation includes private landowners, and
industries which occupy coastal sites; conservation and recreation interests;
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Figure 111-1--Population Growth In Nation's Coastal Zone
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and government at all levelslocal, State, and Federal. Despite the obvious
advantages to be gained, however, coastal lands and waters have not often
been subjected to effective planning. In too many cases development has
been oriented toward immediate and single-purpose uses of short-range
economic advantage, with little thought being given to broader, long-range
considerations.

These varied, growing, and often conflicting demands on the coastal
zone have already created, in many areas, an urgent need to correct past
abuses and insure optimum usage in the future.

Because of the diversity of coastal zone activities in which the Federal
Government has a responsibility, almost every member and observer agency
of the Marine Sciences Council is directly concerned with some aspect of the
coastal zone. For purposes of clarity, their various functions and activities are
presented below in a summarized and abridged form :

Department of the Interior:
Office of Water Resources Research.

Administers programs in the study of water supply and of resources
which affect water.

Bureau of Commercial Fisheries.
Carries out programs to maintain maximum fisheries resource

production, and to maintain a vigorous fishing industry.
Bureau of Sports Fisheries and Wildlife.

Conducts programs to assure the perpetuation and enjoyment i..f
sportfish and wildlife resources.

National Park Service.
Administers and promotes the use of natural, historical, and recrea-

tional areas in the national park system.
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Department of the InteriorContinued
Bureau of Mines,

Conducts programs to develop mineral resources and promote
safety in mineral industries.

Geological Survey,
Conducts surveys and research in geology, topography, and mineral

and water resources; classifies land as to mineral character and
resources; provides engineering supervision for power permits;
enforces regulations applicable to oil and mining leases,

Bureau of Land Management.
Administers or participates in administration of mineral resources

on Federal Lands.
Bureau of Outdoor Recreation.

Promotes outdoor recreation and natural beauty programs.
Federal Water Pollution Control Administration.

Administers programs to enhance the quality and value of water
resources, and to prevent and abate water pollution.

Department of Defense.
Department of the Navy.

Conducts and supports programs in marine research, surveys,
engineering, production, and operations to enhance our na-
tional defense capability. Produces navigational charts and pub-
lications and some prediction services for mariners. Provides a
national capability for salvage operation.

Department of the Army.
Conducts work and research to improve and conserve rivers, har-

bors and waterways, to protect shorelines and to prevent flood
and hurricane damage; conducts mapping and charting in sup-
port of these functions. Provides data to users of ports and
waterways. Administers the program of permits for construction
in rivers and coastal waters.

Department of Commerce.
Environmental Science Services Administration.

Conducts research, surveys and production concerned with describ-
ing, understanding and predicting the state of the oceans,
atmosphere, and earth.

The Maritime Administra don.
Supports research programs in shipbuilding, ship operations, and

ports, harbors, and marine terminals as they relate to the needs
of commercial shipping.

Departmer n! Health, Education, and Welfare.
L ts titutes of Health.

Gclirlucts research programs related to human health and disease
as related to the marine environment.

Food and Drug Administration.
Administers research and regulatory activities related to the health

and safety aspects of marine foods and drugs.
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Department of Transportation.
Coast Guard.

Conducts research and development leading to improved syst,
for marine search and rescue, merchant marine and recreate
boating safety, pollution, and polar transportation.

Atomic Energy Commission: Conducts and supports programs related
the effects of atomic energy matters on the marine environment.

National Science Foundation: Supports research programs to increase our
basic and applied knowledge of the oceans through the National Sea
Grant Program, supports coastal zone research in scientific, engineering,

and social aspects, training and dissemination of information.

National Aeronautics and Space Administration: Conducts and supports
programs to improve our ability in remote sensing of the environment.

Smithsonian Institution: Conducts research on basic oceanography and
ecology.

Agencies that are not members of the Council, but have major responsibili-
ties relating to land and other resources of the coastal zone, include the
Departments of Agriculture, and Housing and Urban Development.
Most Federal agencies conduct or sponsor activities in the coastal area.

Initiatives To Moot Nods of Coastal Dovelopment

In recognition of both gravity and urgency, the administration's five-point

program to strengthen the Nation's marine science activities includes three
areas-coastal zone management, undertaking coastal zone research, and
lake restorationwhich are directly concerned with coastal zone problems.

The other two, the International Decade of Ocean Exploration, the Arctic
studies have many elements which bear on these problems.

Coastal Zeno Manopment

Increasing urbanization, a growing population with higher incomes and
leisure time for recreation, and expanding industrial development have
imposed greater demands for use of the coastal margin and Great Lakes.
Without planned and controlled development, aided by better know!
edge of the ecological impact of development, the natural coastal environ-
ment may be jeopardized and future options foreclosed. There is a manifest
national interest in the effective management, beneficial use, protection,
and development of the land and water resources of the Nation's estuarine
and coastal zone for the following reasons:

1. The pressures of population growth and economic development 1m
pose an increasing number of conflicting demands upon the finite re
sources of the coastal none.

2. Estuaries, marshlands, and other parts of the coastal zone contain ex.
Item* valuable habitats for fish and wildlife which move beyond State
boundaries; such areas are vital to the life support of a major part of the Na .

tion's commercial and sport fisheries harvest; such areas, particularly the
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Green !lbor, at Marshfield, Man., has bus Improved by the Corp of Engineere
through a cost-sharing project with local interests. Ss:passion and deepening of the
channel, construction of brealwaters, and provision of better whorl facilities mow
make the harbor mach snore sinful both to recreational and commercial Phi*: graft.

estuaries, constitute ecological systems which are susceptible to destruction
and disruption by man.

3. Continued uncoordinated development activities in the coastal zone
pose an immediate threat of Irreversible harm to the coastal zone and its
resources and a loss of the benefits it offers.

4. The coastal zone is a valuable area for multiple economic, recreational,
and resource uses.

5. The interest in the coastal tone extends to the citizens of all States, and
is not limited to the citizens in the coastal States.

Legislation is required to provide policy objectives and authorize Federal
grants -in -aid to encourage States to assume greater responsibility for plan.
ning and management of their coastal areas. The administration's proposal
for such legislation has been introduced in the House as H.R. 14845, and
in the Senate as S. 3183. Two types of grants would be authorized: (a) for
initial development of planning and regulatory mechanisms; and (8) for
Implementation of the management plan. The latter grants would be ap-
proved by the Secretary of the Interior, contingent on the State having
designated a single agency to receive management plan grants; having
organized to implement its management plan; and having demonstrated that
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the agency 1r agencies have necessary regulatory authorities to implement the
plans.

The management plan should include
(1) An identification of the boundaries of the portions of the State

subject to the management plan;
(2) An identification and recognition of the national, State, and

local interests in the preservation, use, and development of the coastal
zone;

(3) A feasible land and water use plan, consistent with applicable
water quality standards, within specific sections of the coastal zone,
reasonably reflecting the needs of industry, transportation, recreation,
fisheries, wildlife, and natural area protection, and residential develop-
ment and other public and private needs, taking into account both short-
term and long-term requirements;

(4) A description of the coastal States' current and planned programs
for management of its coastal zone consistent with the management
plan;

(5) An identification and description of the means by which the
management plan and other resource use and management plans at
the Federal, State, and local levels in which the coastal State is repre-
sented or is a participant concerning use, conservation, and manage-
ment of the coastal zone will be coordinated, including the relationship
of the management plan to State, interstate, and regional comprehensive
planning as appropriate;

(6) Procedures for adequate review of State, local and private proj-
ects for consistency with the management plan;

(7) Procedures for furnishing advice Al to whether Federal and
federally assisted projects are consistent with the management plan;

(8) Procedures for modification and change of the management
plan, including public notice and hearing;

(9) Evidence that the plan was developed in cooperation with rele-
vant Federal agencies, State agencies, local governments, and all other
Interests;

(10) Procedures for regular review and updating of the manage-
ment plan;

(II) Adequate provisions for disseminating information concerning
the management plan and any subsequent modifications or changes
therein; and

(12) Provision for conducting, fostering, or utilizing relevant
research.

The recommended program would
(1) Provide for balanced use among diverse private and public

Interests, while preserving the quality of the coastal and Great Lakes
environment;

(2) Insure adequate coastal recreational opportunities and fish and
wildlife habitats for present and future generations;

(3) Strengthen the States' capabilities to administer coastal natural
resources that fall under their jurisdiction;
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(4) Lessen the need for Federal intervention in coastal resource
,nanagement decisions; and

(5) Provide greater integration of existing planning, conservation,
and development programs, many of which are federally assisted.

The administration's proposed bill would authorize $2 million for the
Department of the Interior in fiscal year 1971 to begin the program.

Approximately 23 Federal bureaus now interface with State coastal opera-
tions. The administration proposal would assign responsibility to the
Secretary of the Interior for administering the Federal program, and for
assisting in coordination of the activities of other Federal agenci.

Coastal Zone Research

Rational management decisions on use of the coastal zone should be
predicated on scientific information as to the unwanted and often un-
anticipated effects of man's activities on the coastal ecology. Such compre-
hension of the dynamics of coastal ecology is today largely absent. So are
assessments of the natural ecological baselines in terms both of the physical
properties and the biological content of coastal waters and interaction
with the land interface. Also, monitoring capabilities to detect the changes
already occuring in water quality are too limited to meet needs.

The Federal Government already supports, through a variety of 'instru-
ments mentioned earlier, important research on coastal zone problems, and
funds for this program will be increased in kw! year 1971 (See app. A).
in addition, planning is underway under the leadership of the Depart-
ment of the Interior to identify requirements for research related to coastal
zone problems, and to assess the adequacy of existing Federal, State,
and other institutions to provide the required research. This planning is
expected to provide information needed to determine how existir4; capabili-
ties can be better utilized and whether consolidation or discontinuance of
activities may be required, or it new activities may be desirable, how addi-
tional research could be used by States in improving their management of
coastal zone resources, what new activities ate required, and how they
should be funded.

Pilot Study of Lilts Rotondo,

Our Oreat Lakes, lesser lakes, and many estuaries are exhibiting losses
in water quality that destrby their value for various usesunfortunately at
the same time use, demand Is sharply increasing. The prolific growth of oho
noxious weeds and algae scums that induct eutrophkation, then transforma
don Into a mirth, eventually wipes out natural wildlife. Because early
signs of pOliUtiOn are subtle, public reaction usually does not occur until the
pollution becomes advanced. By this time, It Is difficult to slow down the
process, kt alone reverse It.
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Both corrective and prophylactic measures are needed. Yet marine pollu-
tion has so many causesmunicipal sewage, industrial wastes, common
chemicals (e.g., pesticides, herbicides, fertilizers, antiknock compounds, etc.),
oil spillage, etc.that technical prescriptions are difficult to formulate which
are both effective and economical. Moreover, those having technical merit
may be politically unpopular. Acceptance could be facilitated through a
demonstration project.

To determine the feasibility of restoring the quality of some of the Nation's
seriously damaged waters, existing technology should be tested on small
bodies of water and new methods developed to establish the most practical
and economical means for proceeding with the major task. The Department
of the Interior has the responsibility for developing a lake restoration pro-
gram and $1 million has been requested in the fiscal year 1971 budget to
accelerate these efforts.

Work is already proceeding under the auspices of the Federal Water Po 11u-
tion Control Administration for research on some potion of the problem.
These include nutrient removal, nutrient deactivation, flushing of lakes after
nutrient control measures, dredging of sediments to prevent reinoculation
of nutrients, weed harvesting, and aeration of the lake water body.

This research has been going forward in Lake Erie as well as in several
smaller lakes in Minnesota, Wisconsin, Maine, and Wuhington. It is
expected that sma:1 bodies of water will be selected for further study and
treatment as part of a demonstration project.

Program for the Great Lakes

The Great Lakes systemfive huge, interconnected bodies of wateris a
unique component of the coastal tone. The lakes are fresh, but their vast
site subjecu them to oceanic scale forces; their shorelines vary from almost
virgin wilderness to highly concentrated metropolitan complexes; 25 million
people, and 25 percent of our national indastry are in the basin, yet the
waters themselves are international in character. Although the Great Lakes
escape some of the problems created by a saline, open-ocean environment,
other mote than replace them, and only Lake Superior is relatively free
from deleterious effects.

Because of the regional and international aspects, environmental planning
and resource management are extraordinarily complex. The United States
And Canada join forces through the Great Lakes Fishery Commission and
the International Jam Commission, whik the Great Lakes Basin Corn-
mission, the Great Lakes Regional Commission, and the Great Lakes Com-
pact Conunission deal with regional marten within the United States.

The Marine Sdences Council sponsored studies during 1969 both through
its Committee on Multiple Use of the Coast*! Zone and by contract, on
several phases of the subject. The Committee's Great Lakes Panel coma
pkted a report which identified major administrative and managerial issues.
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Another study' contrasted the problems of multiple use of the coastal zone
in two extreme cases Lake Superior and Lake Erie.

During 1969, the Federal Water Pollution Control Administration in co-
operation with the Coast Guard increased surveillance of the Great Lakes
for water pollution, gave nearly $16 million in grants for the construction
of urban sewage treatment plants, and joined with eight States in pollution
enforcement actions. Major research efforts concentrated on finding ways of
cutting down nutrient input which contributes to eutrophication. It also
put its resources to work on combating DDT, thermal pollution, feed lot
wastes and stream water runoff. During 1969, the Administration invoked
the Oil Pollution Act of 1924 for the first time in the Great Lakes to remove
thousands of gallons of oil from a ship abandoned in Lake Huron.

A pilot dredging study investigating the effects of dredging practices on
water quality was completed by the Corps of Engineers. Studies to determine
the effect of the disposal of polluted dredged materials in the open waters of
the Great Lakes were continued by the Corps of Engineers with FWPCA
directed primarily at determining the need, feasibility, and cost of various
alternative procedures for disposal, containment, or treatment of solids re-
moved during a dredging operation. The Corps also initiated a program of
measurements of wave forces on monolithic breakwaters in the Great Lakes.
Development of engineering and technology continued on the design and
construction of works to control lake levels and to compensate for larger
navigation channels.

The Bureau of Commercial Fisheries completed a 4year pestidde moni-
toring program to assess pesticide contamination of estuarine and Great
Lakes fishes. Results show that the threat to fishery resources is chronic,
affecting reproduction in the food chain. The pesticide monitoring program
provided much data to the Bureau and other agencies to determine the
steps to be taken to control pesticide pollution of the Great Lakes. It also
provided information techniques suitable for reducing the pesticide con-
tent of various spedes. This undoubtedly prevented a more drastic decline
in use of Great Lakes fish during the Increased concern over pesticides
caused by the Food and Drug Administration seizure of Lake Michigan coho
salmon.

Close surveillance is being made by BCF scientists of the response of fish
populations to changes in the aquatic environment of Lakes Michigan and
Erie. As an example, the Bureau in collaboration with the Department of
Fisher es of Canada continued work on sea lamprey control under the
direction of the Great Lakes Fishery Commission. Intensive studies of the
distribution of the herringlike alewife, and development of methods to
predict and reduce the intensity of heavy dieoffs were carried out.

Inhuming Wtor Quality

Maintenance of water quality is one of the most critical problems In the
coastal tone. Pollution alters the ecological balance, and frequently alien

"The Role of Marine Sciences in she Maltiple the of the Coastal Zone of Lake
Rrie and Lake

of
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it for the worse. Dirty water is incompatible with goals of recreation. While
in many of our lakes and rivers pollution has reached the crisis level, the
ocean has fortunately not yet arrived at this stage; we still have the oppor-
tunity to forestall future blunders.

This situation challenges government and industry to take prompt and
wise action. The Federal Water Pollution Control Act calls for the enhance-
ment of the quality and value of the Nation's water resources and for the
prevention, control, and abatement of pollution by establishment of water
quality standards for interstate and coastal waters. The Secretary of the
Interior has given substantially complete approval to the standards developed
by the States. Primary responsibility for the enforcement of these standards
rests with the States; if they fail to act, however, the Federal Government
may bring suit against polluters.

The Clean Water Restoration Act of 1966 (Public Law 89-753) provides
for grants to States, municipalities, or intergovernmental bodies for assistance
in developing projects to demonstrate advanced methods of waste treatment
and discharge control. The act also provides for a comprehensive study of
estuaries, including impact of population and economic development on
water quality. In response to these requirements the National Estuarine Pol-
lution Study has been completed by the Federal Water Pollution Control
Administration in collaboration with other Federal agencies, State ar'd local
governments, and industry and scientific representatives. To make readily
usable the vast amount of information an automated storage and retrieval
system was developed which contains data on over 850 estuaries. Ninety
percent completed, this inventory will be finished in early 1970.

The report discusses the present state of knowledge on the estuarine tone,
and proposes study and research programs to fill the identified gaps. It
analyzes the biophysical and socioeconomic aspects of the estuarine zone,
and presents recommendations for a comprehensive national program of
estuarine and coastal zone management, using multiple long-term use of the
estuarine environment as the common denominator.

The vital roles of State, local, and regional groups, as well as public
and private interests, are recognized, and many responsibilities are suggested
for them. The primary Federal responsibility is identified as leadership in the
definition of policies and objectives, and rupport, both directly and by the
activities of its agencies, to others involved in estuarine work. Against that
backdrop, the Federal role was defined as

(1) Providing impetus and progressive improvement of the national
program through appropriate legislation;

(2) Providing continuing support and guidance to the States through
grants, cooperative activities, technical advice and assistance, provision
of services, promotion of interstate cooperation, advice on manage
rnent policies, and public information programs;

(3) Completing and maintaining the broad national inventory of
estuaries and coastal areas;

(4) Continuing broad estuarine and coastal studies not of a local
nature;

(3) Participating in local and regional studies where appropriate;
(6) Exercising regulatory authority in such areas as enforcement of
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water quality standards and other controls over pollution and main-
taining controls over certain uses or modifications of the estuarine zone;

(7) Coordinating Federal estuarine and coastal management activi-
ties, and providing means for integrating these with those of State, local,
and regional agencies;

(8) Monitoring developments in coastal areas and evaluating the
effectiveness of the national programin cooperation with States; and

(9) Assuring adequate consideration for the protection of estuarine
vAlues in the formulation of river basin development programs by rec-
ognizing the impacts of upstream water quality and related land re-
source development on the estuaries.

Specific recommendations for legislation and other action to carry out
the national policy and achieve these goals were submitted in the study.

The National MultiAgency Oil and Hazardous Materials Pollution Con-
tingency Plan of 1968 established a pattern for a coordinated response among
the Departments of the Interior, Transportation, Commerce, Defense, and
Health, Education, and Welfare, and the Office of Emergency Preparedness
in the event of a pollution emergency. The Department of the Interior is
responsible for administering, developing, and revising the plan. Through
national and regional plans, the expertise of all agencies involved are brought
to bear in case of an emergency.

The plan provides for a National Inter-Agency Committee concerned with
plans and polkies for response to pollution Incidents. It develops procedures
for the coordinated reaction not only of Federal agencies, but also State,
local, and private groups. The Committee reviews regional plans, reports
on the handling of major or unusual incidents, and makes recommendations
on training, research, equipment stockpiling, and other matters to assure
preparedness.

A National Operations Center is maintained as are several regional cen-
tem The National Center monitors reports of pollution incidents received
from regional operations centers. If an incident exceeds the capability of a
regional group, is interregional, or becomes a major hazard to life, property,
or national security, a National joint Operations Team can be activated to
provide advisory assistance and coordination.

Actual direction of pollution control efforts during an incident rests with
a predesignated onscene commander. The Coast Guard is assigned the re-
sponsibility of furnishing on-scene conunandels for coastal waters, the Great
Lakes, and major Wand navigable waters; the Department of the Interior
will provide commanders flr other areas. Response to a pollution incident
may pass through several phases, depending upon the severity of the situation.
Initial discovery and notification may be followed by containment and
countermeasures; cleanup, restoration, and disposal; and finally, recovery
of damages and enforcement

:ante Button ON 110111

A recent example of the plan in action was offered in the activity following
the Santa Barbara offshore oil spill.
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No single pollution incident during the year attracted as much public
attention and posed such urgent and complex technical problems as the
leakage of oil and gas from an offshore well near Santa Barbara, Calif. Be-
cause of this, and as an example of the national pollution contingency plan
in operation, an overview of the sequence of events follows:

Calendar of events-1969:

Jan. 28 Gas blowout occurred at about sy. miles from Santa
Barbara. Coast Guard notified; initial efforts made
by company to curb the Row.

Jan. 29 12-mile-long thin slick south of platform, 1/4-square-
mile heavy slick near well, use of chemical dis
persanu commenced. Efforts to curb flow unsuc-
cessful. District disaster control ptan implemented
under commander, Coast Guard Group, Santa
Barbara, as onscene commander. Meetings with
State, local, and Federal officials.

Jan. 30 Slick spreading, but not to beaches. Oil booms acti-
vated at some locations. Application of low toxic-
ity chemical dispersants began.

Jan. Si First oil reached beaches. Commenced application
of dispersant, from boat equipped with booms.
Wildlife treatment center cat up.

Feb. 1 Oil reaching beaches, but still light; main slick
thickly packed in a 1-mile triangle around well.
FWPCA ordered application of chemical stopped
due to possible toxicity. Additional tugs, barges,
and booms called In.

Feb. 2 Drilling operations commenced to slant a relict well
into the original hc4e. Effort, to contain the oil
by booms at the uell failed due to heavy weather.
Oil onbeaches continued light.

Feb. 3 Recommended chemical dispersanu. Different boom
fabricated to contain the oil near the well. the of
kg booms, and of straw and other coagulants
started off beaches; additional inliatabk booms
positioned in coastal areas. Beaches still essentlally
clear of oil; heavy slick 2 miler off Santa Barbara
Harbor.

Feb. 4 Weather deteriorating; crude oil arriving on beaches
at Santa Submit.

Feb. 5 Attempts to seal well still unsucterfuL Weather
stormy; efforts to contain oil at source suspended.
Beach cleanup attempt, Intensified. Chernkal dis-
persant discontinued except in vicinity of welt

Feb. 6 Weather continued bad; oil coming ashore heavier
concentrations.

Feb. 7 Well sealed off; weather moderated; beach cleanup
expanded.

Feb. Flow ceased; most ol oil already ashore, but 1101114

slicks 'WI offshore, which soon dispersed to small
weathered patches. Beath cleanup condensed.

Feb, l4 Oil seepage started again; eftillattltat, dimming,
ard &mita dispetsal teamed elm well. Sub-
asersible survey of bottom neat platform
urseuccesstul.

Feb.16 Slick emending to within a trek of beach; mach
trapped in kelp beds.
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Calendar of events-- l969 -- Continued

Feb. 17 Production of oil authorized from shallow zones to
relieve pressure causing seepage.

Feb. 24 Following stormy period, new oil deposits on beaches.
Feb. 25 Increased seepage. Chemicals, skimmers, and con-

tainment attempted.
Mar. 2 Efforts made to seal fissure leaks.
Mar. 4 Flow somewhat reduced.
Mar. 6 Slick consisted of streaks of oil extending southeast

of platform; chemical dispersants continued.
Mar. 7 Dispersants discontinued. Flow much reduced.
Mar. 18 Dispersants and skimming continued for several days

near well. Estimates are that small seepage may
persist for some time.

In retrospect, there was a degree of success in almost all corrective efforts,
but none were fully adequate. Chemical dispersants were variable in their
action; sinking agents were not generally successful. Containment booms were
adequate in some cases, but much engineering development remains to be
done to provide a fully effective system in rough water. Floating skinuners
worked well in seas up to 6 feet high; beyond this, their efficiency rapidly
decreased. Beach cleaning continued to be a major problem, especially on
rough, rocky stretches.

Following this incident, a Presidential Panel was convened which reviewed
the problem of oil spills and related matters. In its first report,' which was
primarily concerned with prevention and correction of oil spills, the Panel
noted that the United States does not now have sufficient technical or
operational capability to cope with a large-scale oil spill in the marine en.
vironment. It recommended further action, including steps to reduce the
probability of spills, research toward better control methods, and several
administrative, regulatory, and legal changes to improve the overall situation.
It was also suggested that an advisory team, including experts in ecology,
environmental science, engineering, and economics to assist during an inci-
dent and the followup analyses and assessment, be made available.

In its second report the Panel considered the management of offshore
resources, and their exploitation with lessened danger of pollution. It sup
gated that a Resource Advisory Board be established to advise on develop
merit of resources, and that the views of State and local goverrilnent bodies
be incorporated into plans for development of Federal offshore mineral
resources. The possibility of placing some resources in escrow for future
development was raised, as well as the need for more stringent regulations,
for production methods as circumstances warrant. The desirability of unitized
production and of underwater production facilities when feasible were wog.
niztd. A shortage of personnel and information in Federal agencies concerned
with these Mitten was noted, and corrective action recommended.

Another step to insure the safer development of offshore mineral resources
On Federal lands was taken by the Secretary of the Interior in August with
approval of new regulations governing oil and gas leasing and development
operations on the entire U.S. Outer Continental Shelf from Maine to Alaska.

"The On Spa Problem," /Int Report et the Presideen Panel en Oil Spill.;
and "Offshore Mineral ResourcesA Challenge and an Oppottuniry," Second Re-
port of the President's Panel on oa apah; Mee of Science and Technology, 1961.

43



The Coes, Guard has sponsored development of an air-deployable system of colinpsible
containers and Meted oil trawler equipment. This system is derived to offload oil
from ships in distrers to avoid spillage and contamination.

This represented the first revisions since the Outer Continental Shelf leasing
program was begun 16 years ago. The new rules contain strengthened
provisions for

(1) Full consideration of all environmental factors, including aquatic
resources, esthetics, and recreation, before a decision is made to offer
leases for sale (features of this process provide that public hearings may
be held and that there may be consultation with State agencies, organi-
tations and individuals);

(2) Suspension of any operation, including production, which in the
judgment of the Geological Survey's regional oil and gas supervisors
threatens life, including aquatic life, property, mineral deposits or the
environment;

(3) Prior review and approval by the supervisor of plans and equip-
ment for the prevention of pollution, blowouts, and leakage, before
drilling may begin either for exploration or development ;

(4) Prior review and approval of exploration, drilling, and develop-
ment plans in detail before work may begin which include location of
wells; platforms and structures; proposed pipelines; and the lessee's
interpretation of undersea geologic structures;

(3) Stiffer technical requirements for well drilling, easing, and ce-
menting to prevent environmental contamination and to maintain con-
trol of wells;
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(6) Frequent activation of blowout prevention equipment to test for
proper functioning;

(7) Prompt reporting of leakage or spills to the Coast Guard and the
Federal Water Pollution Control Administration, in addition to the
Geological Survey's regional supervisor; and

(8) Control and total removal of the pollutant, wheresoever found,
at the expense of the lessee, in case of pollution damaging or threaten-
ing to damage aquatic life, wildlife, or public or private property.

The combined effect of these improvementsboth technological and
managerialwill be to progressively lessen the likelihood of spills such as
that off Santa Barbara, and to assure quick containment and correction if
they do occur.

Research and development projects currently underway looking toward
technological improvements include the following:

Design and fabrication of a prototype air-delivered transfer pumping
and storage system is in progress and field tests are underway. The objective
is to provide a quick-response capability to remove bulk oil from a stricken
vessel before it is spilled.

Investigations are in progress on the utility of ultraviolet to infrared,
and microwave sensors, for possible use in all-weather, direct reading, air-
borne detection of oil spills.

Investigations are being carried out on techniques to permanently sink
oil slicks through the use of chemically treated sand.

An engineering study is in progress to establish design criteria for the
development of containment booms for use on the high seas.

San Francisco Bay

"San Francisco Bay is an irreplaceable gift of nature teat man can either
abuse and ultimately destroyor improve and protect for future genera.
tions." This Introductory statement sets the theme of the San Francisco
Bay plan, produced by California's San Francisco Bay Conservation and
Development Commission. In carrying out its studies, the group drew
on the knowledge of public, industry, local, and State groups, as well as
the Corps of Engineers, Elders! Water Pollution Control Administration,
and the Public health Service.

During 3 year of deliberation, the Commission produced 23 volumes
of technical reports in addition to its final plan. The group concluded
that the San Francisco Bay complex could serve human needs to an even
wider degree than it does now, but that programs of development, rnodifi
adon, and correction must be developed on a regional rather than a local
basis.

A major tool in the planning and implementation of such programs will
be the Corps of Engineers model of the bay. This scale model, equipped
to reproduce and measure pertinent phenomena including tides, currents,
salinity content of the water, and shoaling of the bottom, provides an excel.
lent test bed for advance evaluation of activities contemplated for the area.
Durin the past year, extensions to the model were oompkted incorporating
the delta of the Sacramento.San Joaquin Riven.
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The hydraulic model now includes all the delta waterways south of
Sacramento, west of Stockton, and north of Tracy; all of Suisun, San Pablo,
and San Francisco Bays; and more than 200 square miles of the adjoining
Pacific Ocean.

During the year, using the expanded model, the Corps in collaboration
with other agenci,-s initiated studies of San Francisco Bay and the Sacra-
mento-San Joaquin delta area for water qua'ity and waste disposal. The
search for solutions to these specific problems will consider the total impact
of all competing needs, such as flood control, navigation, salinity control,
water supply, tidelands reclamation, and recreation.

The Corps of Engineers also initiated an in-depth study to prepare a plan
to guide the development of the entire bay region. By balancing present
and potential users against the environmental resources of the area, a range
of alternatives will be established from which Federal, State, and local
interests can choose those most prudent and fruitful for the benefit of the
greatest number.

Chesapeake Bay

The Chesapeake Bay offers a range of problems and possible solutions
that may furnish guidance for work in similar estuarine and coastal environ-
ments. The Corps of Engineers, with the assistance of the Chesapeake Bay
Study Advisory Group, representing State and Federal agencies as well as a
wide variety of disciplines, has refined and extended its earlier investigations.
A detailed plan has been prepared for a comprehensive study, construction
of a hydraulic model of the bay, and an associated research center.

Multidisciplinary research activities in the technical center would con-
centrate on hydraulic and ecological studies. The physical model of the
bay, supplemented by mathematical models and conventional analysis, would
help to provide a fuller understanding of the physical and biological traits
of the bay, and the insight necessary to properly manage the system in
consonance with man's rapidly increasing involvement in the Chesapeake
environment.

Conservation and Recreation

The National Park Service now includes 22 areas contiguous to the coast-
line-13 national parks and monuments and nine national seashores and
lakeshores. .

In addition, the Service administers 28 historic areas located along the
coasts. Most recently authorized for incorporation into the system are:
Biscayne National Monument in Florida and Redwoods National Park
which includes a 30-mile stretch of the California coast. Feasibility studies
were made in other proposed marine areas. Acquisition of National Park

' Service lands is continuing, including areas located in the coastal zone
such as Assateague Tsland National Seashore, Biscayne National Monument,
Indiana Dunes National Lakeshore, and Pictured Rocks National
Lakeshore. '



Many countries are expressing concern for the perpetuation of their unique
underwater resources for scientific purposes and for underwater visitor
observation. This interest is reflected in the number of countries which
have created or are considering the establishment of underwater national
parks and marine preserves. During the year, the National Park Service
provided encouragement and information on this subject to many nations
including: Japan, Thailand, Korea, Taiwan, Australia, New Zealand, Costa
Rica, Colombia, Canada, South Africa, Tanzania, and Greece.

The National Wildlife Refuge System now includes 91 refuges in the
coastal zone containing 20.4 million acres devoted to management of migra-
tory birds and other wildlife, including the preservation of endangered
species. Of these, 10 refuges containing 19.8 million acres are in Alaska.
Approximately 13,000 acres were acquired during fiscal year 1969 under the
accelerated wetlands acquisition program.

The Bureau of Outdoor Recreation plays a central role in promot-
ing Federal-State cooperation and coordination to provide recreational
opportunities, including those in the coastal zone. Also statewide outdoor
recreation plans have been prepared by all States, many of which provide for
meeting marine-related recreation needs and the preservation of coastal
areas. Based on these plans, the Bureau has assisted over 4,000 State and
local outdoor recreation projects, many of which are located in the coastal
zone.

The Army Corps of Engineers makes substantial contributions to both
conservation and recreation through its research studies and development
programs for beach erosion control, shore protection, flood control, hurricane
barriers, intercoastal waterways, interoceanic canals and boat harbors. An
example of the reziarch field studies undertaken by the Corps is the experi-
mental groin structure at Point Mugu, Calif., which provides a capability
for conducting controlled experiments on shore processes. Corps of Engineer
planning assists the State and local governments in the development of
plans by providing data, information and guidance regarding water re-
sources, and marine sciences development proposals. Additionally the
Corps cooperates with State and local governments in having beaches
restored or improved for public use; natural barrier beaches and shore
areas bolstered by sand fill, fences, vegetation and structures; and small
boat harbors developed for recreational and fishing boats.

The National Shoreline Study was commenced by the Army Corps of
Engineers, in cooperation with State and Federal agencies. The study, which
will cover both private and public coastlines, will identify those areas in
which shoreline erosion poses serious problems to economic and recreation
uses, and to ecologicai and other relevant factors. It will also propose
generally the appropriate . type of remedial actions for areas with serious
erosion problems. The study-l will serve as a basis for the development 'of
guidelines by Federal, State, and local agencies for the optimum uses of
shores subject to erosion, but will not include recommendations for author-

, ization of specific projects :o *AS, j?,"
More than 20 million people now participate in recreational boating in

coastal waters, and the Coast Guard estimates an increase of over 200,000
boats per year on our waterways. Boating has become an important factor
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in our economy, accounting for $3 billion in related expenditures in 1969.
An increasing demand for marinas, harbors, aids to navigation, and protec-
tion is clearly evident. Working toward safer recreational boating, the
Coast Guard has negotiated 39' agreements for Federal/State safety pro-
gram coordination; legislation has been proposed providing for a national
boating safety program for small boat construction and performance and for
assistance to State programs. ESSA assists the small boat enthusiast through
its nautical chart program and marine weather forecasts.

The Fish and Wildlife Service, as a part of its total program, provides
information pertinent to a wide range of recreational and conservation
problems. As one example of its contribution to multi-use development and
management in the coastal zone, during 1968 it screened some 5,100 applica-
tions for construction permits and found that approximately 5 percent of
these would have adverse effects upon fish and wildlife resources.

. The Bureau of Sports Fisheries and Wildlife continued its wide-ranging
studies supporting recreational fishing. Its marlin and sailfish tagging pro-
gram has traced the migration of these species throughout the Pacific.
Experiments aimed at creating artificial fishing reefs have shown that scrap
tires are the best materials, being easy to handle, attractive to fish and related
organisms, durable, and not producing deleterious decay products.

Coastal Projects of Federal Agencies

The programs of the Federal agencies, often carried out in collaboration
with State and local governments, are aimed toward a sequential approach
to coastal problems. It is first necessary to gather facts on the coastal zone,
to provide the data base from which further research and affirmative action
start. This includes not only mapping the coastline and adjacent waters,
but also the establishment of ecological baselines. From this information,
research projects to provide a better understanding of the situation, and to
develop techniques for corrective measures can be developed. Pilot projects
to test the efficacy of these measures can then be run as a prelude to full-
scale coastal improvements. A sampling of these interrelated activities not
covered in other sections of the report, include the following:

1. A 2-year project of monthly determinations of concentrations of iron,
manganese, and zinc in estuarine sediments and water was completed by
the Geological Survey. This will serve as a valuable baseline to evaluate
possible changes from radiation pollution.
e 2. Engineering studies are being carried out by the Coast Guard, working
toward the development of booms to contain oil spilled in the open ocean,
and for the design and fabrication of an air-transportable, high-capacity
pumping system, and emergency tankage, to quickly remove oil from a trou-
bled vessel before spillage. Prototype testing of the latter system is scheduled.
for 1970.

3. The adverse effects of sewage sludge dumping in the New York bight
are being investigated by the Corps of Engineers and the Bureau of Sport
Fisheries and Wildlife. 'The Corps has completed a pilot study of the possible
harmful effects of dumping polluted dredged materials in the Great Lakes.
This study is now under review.

.
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4. Through its pesticide monitoring program in both ocean and Great
Lakes, the Bureau of Commercial Fisheries determined levels of pesticides
in shellfish, crustacean, and fish stocks. This information can be used to plan
pesticide utilization compatible with continued harvesting of commercial
species.

5. An ecological study of Biscayne Bay, Fla., is investigating the effects
of thermal pollution from a nuclear powerplant on fish life. The Atomic
Energy Commission is supporting the study of noncommercial species, and
the Bureau of Commercial Fisheries those which are of commercial value.

6. A comparison of the ecology of a natural marsh area with that of a
marsh altered by channeling and filling 4 being conducted by the Bureau of
Commercial Fisheries in Galveston Bay.

7. The Corps of Engineers published a study on methods available for
the analysis of physical and ecological problems in estuaries?

8. Numerical models and prediction programs to forecast storm surges
along the coastline have been developed and tested by ESSA and Navy.

9. Acute (96-hour) toxic effect of several new pesticides on oysters,
shrimp, and fish were evaluated by the Bureau of Commercial Fisheries
under controlled conditions in the laboratory. Information obtained from
these arid other toxicity studies was sent to the Pesticide Registration Division
of the Department of Agriculture to aid it in certifying pesticides to be used
in the marine environment -

10. The Corps of Engineers published an engineering analysis of the
coastal engineering aspects of the tsunami wave created by the Alaskan
earthquake of 1964.

11. Following up an earlier initiative of the Marine Sciences Council, the
Corps of Engineers sponsored a study on the effects of engineering activities
on coastal ecology.

Opportunities for the Future

The coastal zone, with its multitude of opportunities, also presents a
multitude of problems. Many of these are largly scientific and technological,
and to these our scientists and engineers can provide answers, Far more

. difficult questions arise from the conflicting desires and needs of the many
different occupants and users of the shoreline. The challenge before us is
to reconcile these competing intereststo find opportunities for multiple,
compatible uses of the shoreline and inshore waters, and to maintain op-

. tions for future uses not foreclosed by degradation of the resource
This will require identifying Multiple compatible uses and also encourag-

.
Mg the development of effective Mechanisms for making rational choices
among inCornpatible uses. Implementation of those initiatives of the adnmin-

t istration's five-point program which relate to the coastal zone should assist
in making available both the basic inforrnatism and the management tools

P. for making wise decisions. . , ,!e

"'Guidelines for Eialuating Estuary Studies, Models, and Comprehensive Plan-
ning Alternatives," Department of the Army, Amnia 1969.
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Chapter IV

FACILITATING TRANSPORTATION
AND TRADE

Waterborne transportationlake, canal, coastal, and intercontinental
is an integral part of the U.S. natioral economy and is essential to the sup-
port of defense requirements. However, while about 90 percent of our
foreign trade cargo moves by sea, U.S.-flag vessels carry less than 6 percent of
this total, and projections indicate that this percentage may decline even
further.

While only one-fourth of the world's merchant ships are more than 20
years old, approximately three-fourths of American merchant ships are at
least that antiquated. In the next 4 years, much of this aging merchant fleet
will be scrapped. Yet, the United States is r ow producing only a few new
ships a year for use in our foreign trade. Building costs for American ships
are approximately twice those of foreign shipyards, and U.S. production
delays are often long. Operating expenses also are high by world standards,
and labor-management conflicts have been costly and disruptive. Figure
N I indicates the trends in numbers aid tonnages of the world's major
merchant fleets.

Policy To Improve the Merchant Fleet

The Presichnt, in a message to the Congress in October 1969, recognized
the seriousness of the situation confronting the U.S. merchant fleet and
proposed a 10-year corrective program which he described as a program of
challenge and opportunity for all segments of the maritime industry. Noting
that both Government and industry must work together to rebuild the
U.S. merchant fleet, the plan which was outlined to accomplish this aim
would not ir.cicaie subsidy expenditures during the current fiscal year. By
emphasizing multiyear commitments and standardized ship types where
feasible; it h expected that 1J.S. production' rates can be accelerated, and
costs per unit reduced. The President expressed confidence that the ship-
building industry could meet the challenge; however, it was also indicated
that if the challenge were not met, then the subsidy portion of the admin-
istration's program would not be continued.

ConstructiOn of an average of 25 general cargo ships, thiee dry-bulk
carriers, and two tankers per year for the 1970's is planned, although the

Humbles icebreaking tanker SS Manhattan completed an historic transit of
the Northwest Passage in 1969. Data gathered during voyage will permit
evaluation of the potential of the Arctic as a commeecial shipping route.

.- 71; '
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annual "mix" of ships may vary. These ships, added to 150 already under
cons cruction or planned, will provide an overall increase of 450, and will
exceed the capacity of the present merchant fleet. The total of $3.8 billion
of Federal subsidies over the decade will be matched by $4 billion from in-
dustry. Supporting this investment program, it is proposed that the ceiling
on federally insured mortgages be increased from $1 billion to $3 billion.
Construction differential subsidies will be extended to bulk carriers, which
are not now covered, and construction subsidies paid directly to shipyards.

In operational support for the merchant marine, differential subsidies will
be continued only for the higher U.S. wage and insurance costs. Under the
plan, it is proposed, that the "recapture" provisions of earlier legislation
which required that a portion of profits be returned to the Government
would be eliminated, as would the statutory requirement that certain Gov-
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emment cargoes ! hipped in U.S. ships, at premium rates. These arrange-
ments would be v, :d by a new, direct subsidy system for such carriers.
Port and harb d elopment will be accelerated, in cooperation with
industry and loci.. verrunent authorities.

Research and Development Supporting Maritime Activities

In support of this strong Federal policy for the merchant marine, the
maritime research and development program will be enlarged and redi-
rected to place greater emphasis on practical applications of technological
advances, and the cooperation of Government and industry. Stronger at-
tention is given to science and technology that can assist in improving our
worldwide competitive position, supporting national defense, and reducing
Government support costs.

Under the Ship Structure Committee, which is an interagency advisory
committee chaired by the Coast Guard, the Wolverine Slate, an instru-
mented C-4 SB-5 cargo ship, in conjunction with towing-tank model studies
and computerized stress programs, has provided naval architects wit., in-
formation to improve ship structure eesign and allow greater variation in
design. These reports cover subject titles such as "Bending Movement
Determination," "Ship Statistics Analysis," "Rational Ship Structural De-
sign," "Hull Girder Model Study," "Ci.emical Tank-Barge Design," "Simu-
lated Performance Testing," and "Quality Assurance."

The National Academy of Sciences-National Research Council is con-
ducting a study on laws affecting raanpower utilization, since there is a
real need to review the laws under which merchant marine manpower
policies operate, to determine the changes needed in view of current tech-
nology and the potential for the economic future growth of the industr.
These restrictive regulations and laws, some of which have been in effect
since 1792, were written to cover situations that no longer exist because of
changed technology.

A National Conference on Maritime Research and Development was held
at Woods Hole, Mass., with representatives from ship operators, shipbuilders,
labor organizations, private research companies, universities, merchant
marine training academies, port authorities, and Federal agencies. As a
result of this meeting, many recommendations were made for research and
development in maritime operations, such as

(1) Ship construction methods;
(2) Ship operations and design;
(3) Cargo handling systems, both on ships and ashore;
(4) Port facilities;
(5) Integration of sea, land, and air transportation systems; and
(6) Fundamental technological advances not developed sufficiently

for current applications;

Included in the above are

Shipbuilding cost reduction projects;
(2) Integrated steam propulsion systems;
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(3) Improved hull structure design to reduce ship cost by about 20
percent;

(4) Additives to reduce ship resistance to water flow, yittlding a
5-percent saving in operational cost;

(5) Steps toward automation of shipboard functions to reduce op-
eration costs and to improve job opportunities for personnel;

(6) Development of a low-cost multi-application dry-bulk cargo
competitive merchant ship;

(7) Measurements of sea wave spectra for improved ship design and
seaworthiness predictions; and

(8) Utilization of higher strength steels, to reduce displacement by
15 percent, resulting in reduction in power requirements and operation
costs.

The Departments of Commerce, Transportation, and Defense all support
research and development efforts related to novel shipping concepts, marine
equipment, and advanced ship design. Funding for these programs, is sum-
marized in table IV-I.

Table 1V-1Funding for Ocean Transportation
Ira mallow of dollua)

Activity sad suPPOrtInt agency

il11111111
Estimated Estimated President's
fiscal year fiscal year budget

190 1970 fiscal
1971

Vessel and port technology '
Department of Commerce (MARAD) 9.2 16.6

Channel and harbor development r.search I
Army Corps of Engineers 2.7 2.9

Safety, navigation aids, pollution control I .

Department of Transportation (Coast Guard). 4.8 10. 1 13.6

23. 2

4. 1

Total 16.7 29.6 40.9

I Limited to R&D and scientific servizes; excludes funding for capital works or maritime subsidies, opers-
tiona, and routine

R&D
services

feasibilityLimited to , i studies, and Great Lakes data collection and analysis: excludes about $203
million for channals, harbors, and other proiecti previdIng navigation, shore protection, and recreation
suppat.

a Pot.utkm control does not include funds of the Department of the Interior (FWPCA). These are in
eluded as a part of "Water Quality Enhancement" under Development and Conservation of the Coastal
Zone In app. A-1, and amount to an estimated 18.9 million in fiscal year 1909; $17.0 million In fiscal year 19701
and $16.4 million in Wel year 1171. \

In addition, these Departments also. provide services in support of ship-
ping, such as nautical charts, the costs of which are included in the appro-

., priate funding tables of other chapters.
The Maritime Administration of the Department of Commerce is sup-

porting a number of research and development projects bearing on ocean
shipping problem& Theie include the following:

1. Research in maritime science and technology looking beyond the
current state-of-the-art in search of basic techn.-dlOgical breakthroughs which ,--
will raise the level of marine scientific knowledge and provide a better
understanding of design and operational problems. ,
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Ship construction is greatly speeded and simplified by a novel method used by Avon-
dale Shipyards of New Orleans, La. The hull, mounted in huge rings, can be witted
to any angle, so that construction welding can be done working downward rather
than overhead (men working in left foreground indicate scale).

2. Research in ship operations and shipping systems focused on social,
economic, and technical problems involved in ship and terminal operation,
and maintenance and cargo movement, such as labor displacement and
changes brought-about by containerization and other new shipping con-
cepts; automation, man-machine relationships, and crew reduction; delays
and damage of cargo white at terminals due to port congestion and inter-
modal transfer; and maintenance and reliability of shipboard equipment.

3. Advanced ship engineering and development covers engineering stud-
ies and development of hardware for ship, port, and feeder subsystems
which are needed to produce and maintain lower cost, more productive
ships, cargo handling and flow, and port operations.

4. Research on shipping economics and requirements carried out by
systematic analysis of ship cargo movements from source to destination
to determine the most desirable maritime system. This study incorporates
technological advancements in ship design, ship operation, and cargo han-
dling as they are developed, and forecasts estimated total system performance
for shipping concepts under projected conditions.

Research and development related to ocean shipping carried out by other
Government agencies includes the following:

1. A Polar Transportation Requirements Study,' completed and published
by the Coast Guard. It considers the commercial, social, research, and

"Polar Transportation Requirements Study Report," U.S. Coast Guard, Novem-
ber 1968. , ,
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national security aspects of this complex multinational area. Costs, benefits,
and feasibility data for several transportation alternatives have been included
in this study.

2. The Department of Transportation continued work on the develop-
ment of a national navigation plan, which is considering present and future
needs of both aviation and maritime ccrnrnerce, and tie technology of navi-
gational satellites and ground-based electronics systems. The plan will identify
areas of Federal responsibility for services, the systems to be operated, and
the need for further research and development to meet future navigation
requirements. Completion of this study if anticipated during 1970.

3. The Joint Surface Effect Ships Program, designed to determine the
feasibility of building and operating large, fast surfer* effect ships in the
4,000- s 5 ,000 -ton range, capable of 80 knots or higher speed. Major
funding of this program will be assumed by Navy in fiscal year 1970; how-
ever, it will continue to be closely coordinated with the Maritime Adminis-
tration of the Department a Commerce. Competitive contracts have been
awarded for the detailed design, construction and test of two 100-ton test
craft with differences in technological approach to permit a parallel testing
and comparison program.

4. Development of guidelines for design approval cad safety inspection
of vessels and structures in the Arctic being carried out by the Coast Guard.

Agekok
116 Si fat. It Masa*r it ens di la
Alt assI raw Oamlostied Ns top is Wed as lets **MA
ionsktista Imo ea 11Ntt 464ttis :Nu stakatiose.



1

5. Design development of several new ship concepts, such as Navy's
multipurpose dry cargo ship and the Maritime Administration's catamaran
containership.

6. A study in depth by the Advanced Research Projects Agency of the
Department of Defense of the military, commercial, and research potential of
surface effects vehicles for Arctic use. An Arctic operational capability has
been selected as a development goal since the potential impact of fast, long -
range, high-payload transportation over open water, pack ice, ar.d tundra
is substantial.

American industry has also responded to the challenge of reducing costs
by increasing ship speeds, by designing specialized ships and transportation
systems, by building larger ships, and by investing funds in modem auto-
mated continuous-flow shipyards.

Attaining a competitively economic merchant marine is not being de-
layed primarily by a lack of technology, btit rather by obstructions prevent-
ing application of existing technology. The Navy through its ship research
and development programs, model basins, and laboratories has been In the
forefront of advanced ship concepts. Although, for naval applications, im-
provement in performance is a strong requirement, the work that has been
done can be applied, for merchant ship applications, for improvement In de-
sign criteria and earning capacity.
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Transportation Support Services

Adequate channels, harbors, and terminal facilities are essential to efficient
maritime operations, and accurate charts, publications, navigational aids,
and environmental forecasts are basic requirements for safe navigation. In
1969, noteworthy supporting services provided by Federal agencies included
the following:

1. The Coast and Geodetic Survey issued seven new nautical charts and
487 revised charts of U.S. waters. The U.S. Naval Oceanographic Office
completed 110 new charts and over 700 revised editions of its worldwide
chart coverage.

2. The "navigational lane" system was established by the Coast Guard
and Coast and Geodetic Survey for the safety of shipping and installations,
in New York and San Francisco Harbors, Delaware Bay, and the Santa
Barbara Channel. This traffic control method provides merchant shipping
with Inbound and outbound lanes, with a buffer zone between them, in the
approaches to major wrts or congested coastal areas, to reduce the possi-
bility of collisions.

3. The Army Corps of Engineers is studying the use of chemical ex-
plosives in harbor excavation. The Pint full-scale test of the technique is
planned for 1970.

4. The Army Corps of Engineers has 59 coastal harbor and channel
improvement projects underway, for which the Federal costs are estimated
at $1,764 million. Another 98, to cost $1,672 million, have been author-
lad by Congress but not yet funded.

5. Looking to the future, the Corps of Engineers has studies in progress
to determine the feasibility of improving harbors for deep-draft vessels at
92 ocean locations and 22 Great Lakes ports. Studies concerning harbor im-
provements for light-draft vessels are underway at 217 ocean locations, and
32 on the Great Lakes. Nineteen of these investigations have been completed
caltiVaLlite past year. (Closely related is an Independent assessment by the

Association of Port Authorities of future port requirements. This
study will forecast the size and types of vessels which will be involved in
U.S. trade during the next 30 years. Particular attention is being given to
the problems crated by supertankers and other large bulk carriers.)

6. The Coast Guard is extending its experimental harbor advisory radar
caverne of the San Francisco area. A second radar station will cover the
offshore. approaches, supplementing the first station which now provides
coverage the harbor inside the Golden Otte. The stations observe and
advise harbor traffic, thereby tedudng poilision hazards and speeding up
traffic ROW during poor vhibikty.

The Navy's optimum ship routing program'swhich routes vessels by
taking all environmental factors into account, is being further Improved by

being put Into numetical model form to computer forecasdng.
The f, PAM, and Ooast have continued their lontrange

studies of the Gulf Shute, which are leading to better predictions of its
behavior and cited on ship routing. .

A number of national and International projects to improve safety at
sea re" odeptiy In 1969. The United States signed she Intemetional



Convention on Tonnage Measurement, which will provide for the first
time in more than 100 years uniform determinations of vessel tonnages.
Coast Guard studies are in progress to achieve improved safety conditions
on U.S. commercial fishing ships, and an investigation was completed to
determine the proper Coast Guard role in promoting safety for civilian
submersibles and for other nonmilitary underwater activity.

Arctic Voyage of SS "Manhattan"

As geophysical exploration and test drillings confirmed that Alaska's north
slope contained major oil reserves, it became clear that a primary problem
would be distribution of the oil to world marketing centers. Considering the
geographical location, and the environmental conditions both at sea and on
land, neither pipelines nor conventional tankers seemed entirely suitable for
the purpose. As a res.dt, for the first time in a century, serious consideration
was given to the Northwest Passage as a trade route.

The Humble Oil & Refining Co., deeply involved in the Alaskan oil pro-
duction, se'ected the SS Manhattan, already the largest merchant ship to fly
the U.S. flag, for modifications preparatory to an experimental run from the
east coast of the United States, through the Canadian Archipelago to the
north coast of Alaska, and return. While her pioneering voyagein itself
one of the significant maritime event. of 1969provided a great amount of
information on her own performnice the Manhattan was operating pri-
marily as a test vehicle, looking toward the possibility of kebreaking super-
to akin of 250,000 deadweight tons.

The tanker underwent extensive modifications prior to her voyage. She
was strengthened internally and sheathed externally against the tremendous
forces to be expected In the ice pack, and a new bow designed for more
effective kebreaking was installed. After convenion she had the following
statistics; 115,000 deadweight tons, 1,005 feet length overall, 148 feet breadth
52 wet draft, and 43,000 horsepower driving twin five-bladed propellers- -
a far cry from John Cabot's wooden hulled sailing ships which In 1498 had
first searched for a northern shortcut to China. = ,

Because of .the complex engineering and scientific problems which were
anticipated, a large team of experts was assembled to prepare for and carry
out the voyage. Scientific and engineering penonnel, and experts in Arctic
ship operations were provided by the Coast Guard, the Corps of Engineers,
and the Ncvy, as well as by universities, industry, and the Canadian
Goventment- , . ,

The Mollie:tin departed Philadelphia on August 28,1969, and proceeded
by way of Halibut, and Thule, Greenland. Almost immediately, she encoun
Wed extensive pack ice in liafiln-Bay, and had a chance to shake down her
equipment. At various times during the voyage she was assisted by the U.S.
Coast Guard leeks...Ws Not:Wad and Mee* Island and the Canadian
icebreakers Sit min A. McDonald and Louis St. Latta. On September 5
she entered Parry Channel and headed westward through the Canadian
Archipelago in the notthwert panage.°,,



Figure IV-2-Northwest Passage Track of SS "Manhattan"
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The first severe test came as the Manhattan probed the heavy ice in
McClure Strait, north of Banks Island. Winds sweeping across the open
Arctic Ocean often jam the dense polar pack into the mouth of the strait,
with heavy pressure and ridging, making it potentially the most difficult part
of a transit. Paced with just this situation, the tanker was stuck in ice three
times, and the dedsiou taken to proceed via the more Ice-free Prince of Wales
Strait between Banks and Victoria Islands.

Proceeding AA this alternate *cute she soon passed the Mackenzie delta
and steamed up the Alaskan coast, arriving in sight of the drilling rigs at
Prudhoe Bay on September 19. After onloading a symbolic barrel of
Alaskan crude oll, she sailed on to Point Barrow, her successful westward
transit compleurd.

On her return voyage the Mask/ate spent t almost a month In Melville
Sound, deliberately seeking out different ice conditions. Maneuvering vats
were tun to see how large ships would perform under difficult drcumstanoes
comparable to those which would be encountered during much of the year
These tests concluded, she continued her eastward transit and arrived at
New York City on November 12, having covered over 11,000miles on the
round trip,

burin, the entire voyage, the Mesdatiatt's extensive instrumentation
continuo recorded data on the ale, water and ice, and the ship's reac-
tion to environmental conditions. In addition to the automate equipment
there wu t wealth of visual observations and hand-recorded Informadce,



as well as data from other ships and from aircraft. Once these data are
analyzed, transportation experts will have a much better idea of what
kind of ship is required to maintain year-round operations in the Arctic.
Working from this baseline, factors such as eapital investment, operating
costs, the time factor, and cost of terminal facilities will be incorporated to
arrive at a shipping cost per barrel, and a decision as to whether tanker
transport of oil through the "northwest passage" is economically
competitive.

It is, of course, far too early to label the voyage either a success or a
failure. Many difficulties were encounteredthe Manhattan herself was
in difficulty in the ice several times, and had to call on icebreaker as-
sistance; the icebreakers themselves had problems, and the Northwind had
to be replaced; and the Manhattan suffered a hull rupture due to ice
impact. Redesign of some hull characteristics will doubtless be required,
and possibly further experimental voyages prior to actual decisionmaking.
Alternatives, such as pipelines or submarine tankers, are still being considered.

While many of these final questions remain as yet unanswered, the
Manhattan's voyage made a significant contribution not only to U.S.
competence in polar transportation, but to the Nation's knowledge of the
Arctic regions in general. Perhaps most importantly, it stimulated new
thinking about old problems, and may thereby point the way to other ad.
varlets in the rapidly developing Arctic.

Looking to the Future

A strong and profitable merchant marine fleet, competitive in the world
market, is an integral part both of our national and intern tic economy.
The administration's Initiatives in this field, coupled with a Vigorous response
from industry, and supported by an imaginative program of research and
development, will work toward the rapid achievement of this goal
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Chapter V

ENCOURAGING DEVELOPMENT OF
MARINE MINERAL RESOURCES

An adequate, dependable supply of minerals and energy at a cost consistent
with broader goals of economic growth, national security, and a healthy
environment is essential to industrialized nations in today's world. Indeed,
ascendancy to the ranks of " industrialized nations" is closely related to an
ability to apply innovative technology to provide sustained supplies of fossil
fuels and hard minerals. The United States presently consumes greater
quantities of fuels and metals than any other nation.

Consumption of metals and energy is closely related to gross national
product as illustrated in figure 'V-I which also projects a more than two-
fold increase in U.S. demand for these commodities by the end of the
century. Worldwide, the rapid growth of population and increased in-
dustrialization is intensifying competition for known mineral deposits and
stimulating efforts to find new sources. The search for conventional high
grade mineral deposits on land has thus been expanded to include an
economic means of utilizing previously bypassed lower grade ores; develop-
ing new types of deposits, such as oil shale, tar sands, and taconite; and
exploiting the resource potential of the seas.

The availability of sufficient resources within the oceans to meet the
world's requirements for minerals well Into the next century is acknowledged.
The SSO million cubic miles of sea water have been described as the earth's
largest continuous ore body, containing about 50 quadrillion tons of dish
saved solids including, for example, 10 billion tons of gol.i. Large areas
of the Boon of the world's oceans are covered with nodules rich in man.
gene*, copper, cobalt, and nickel, with concentrations of as much as
31,000 tons of nodules per square mile in some areas of the Pacific. And,
recent estimates indicate that petroleum deposits under the sea floor may
equal or exoeed these on land.

However, statistics Indicating the mineral content of the oceans often
are misleading. An economy Is no respector of mineral sources, and actual
exploitation will continue to be dictated by economic considerations. At
present, the cost of developing oceanic sources for most minerals it pro
hibitive in comparison to land deposits. Sea water Is an extremely low.
grade source foe most of the 60 naturally occurring elements found in it
and only magnesium, bromine, common salt and fresh water are comma.
dally exploited in *lawn amounts. The important hsdustrW metals such

barks ?H9 de fine telermest Nino floats ink Jaws 100 path fa
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Figure V-IU.S. Annual Requirements for Natural Resources, 19504000
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as aluminum, tin, copper, zinc, silver, iron, nickel, and manganese are valued
at less than $1.05 per 1,000,000 gallons of seawater, and it has been esti-
mated that the $20,000 worth of gold in a cubic mile of the ocean would cost
more than 00,000 to extract. Deposits of manganese nodules, which were
first discovered in 19/3 during the epic voyage of the H.M.S. Challenger,
remain noncompetitive with conventional ores due to the heavy investment
requbed to mine the nodules from water depths of 12,000 to 20,000 feet
and then to separate the extremely complex and unique mixture of metals.
Oil and gas production, which constitutes over 90 percent by value of
minerals extracted from the marine environment, has been limited to water
depths of 340 feet and 70 miles from short due to the rapidly mounting costs
of moving Into deeper waters. "

Ststus al PARMA Mining

Offshore all in its infancy, but a pattern of Increasing profit.
ability and tech capability is emerging.

Ten years ago there were only three or four nations and about five coma
panics with major offshore petroleum interests. Today, hundreds of COM
panics are involved in subsea oil and gas exploration and development around
the world. Production Is underway or about to start off the coasts of 28 WWI
tries, end exploratory surveys are being carried out on the continental
shelves of another 50. Offshore deposits are reeponsible for 16 percent of the
oil and 6 percent of the natural gas produced by the free world. Projections
indicate that by 1980 a third of the oil productionfour times the present

z k.`":A-.-



Table V -1 -Value of Mineral Production From Omens Bordering the
United Mates, 9110-$11

[In millions of dollars)

Year

From wells in From beaches
From NI watts, ocean subdoon madam

uns Fetroleam, Band and Combined
metal cam. netural pie, travel. feldsper
goads tad lousy andrcznIont

1960 69.0 423.6 46.8 539.4
1961 73.0 498 6 46.2 615.8
1962. 89. 1 620.7 44.3 754. 1

1963 84.6 730.8 42.5 857.9
1964 94.5 820. 3 43.6 958.4
1965 102.6 933.3 51.4 1,087.3
1966 117.0 1,177.7 51.6 1, 346.3
1967. 113.8 1,450.9 55.9 1,620.6
1968 146. 1 ,.. 1, 980. 0 52.8 2, 178.9
1969 (pre)inalfury) 151.7 2, 327.3 56.0 2, 535.0

10yesr total 1,041.4 10,961.2 491.1 12, 493.7

WWI and ealesnous marl.
Sam* Bureau of MIMI, Department of lb. bloke, Dee. $0.1040.

output of 6.5 million bunch per day-will come from beneath the ocean;
the increase in gas production is expected to be comparable.

In the United Statist, where some 90 percent of the most favorable on-
shore areas hf.Are been explored as contrasted with less than 10 percent of
the offshore shelf areas, subsea petroleum development is increasing rapidly.
Since 1946, approxintately 15,300 wells have been drilled offshore and it has
been estimated s that 3,000 to 5,000 wells will be drilled Ally by 1980.
Ova $13 billion has been Invested by industry in exploration and develop-
ment activities which have renilted in the production of $7 billion worth of
oil and gas from the submerged wedge of sediments comprising the U.S.
Continental Shelf, mostly off Loublana. To date, the minerals industry
has paid the Federal Government some $3.4 billion in bonuses to lease 63
million acres of the Outer Continental Shelf. All but $35 million of this
was paid for oil and gas leases with the remainder going for rights to salt
and sulfur. As shown In figure V-2, income to the U.S. Treasury from
OCS lands In fiscal year 1969 totaled $714 million with bonuses account-
ing for $492 million; production royalties $214 million; and rentali paid
on leased acreage $6 million. The seduction in receipts from the previous
year b due in large measure to a temporary suspension of lease sales after
the Santa Barbara blowout."

The ocean Is a.viluable source of a variety of mineral commodities, In ad.
dition to oil and gas, fora growing number of the coastal nations. Salt, bro-
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Figure V-2ComparatIve Revenues From Mineral Leases on U.S. Public
Lands Onshore and on the Outer Centinental Shelf
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mine, magnesium, and both heavy (1).0) and fresh water are extracted
from the water column; sand and gruel, oyster shell, tin, heavy minerals,
and diamonds are dredged hum placer deposits on the sea floor; sulfur
b recovered from the seabed by meltkg it with superheated water and piping
it to the surface; and coal, iron ore, and nickekopper 0113 are mined from
the subfloor in shafts driven seaward from land. Coal extracted from under.
sea mines accounts for more than SO percent of Japues total production-taxl
more than 10 percent of Britain's. The velue of minerals, both fuel and
nonfuel, produced from the sea in 1969 on a worldwide basis was estimated
to be over $7 Mon (bible V-2).

The ocean has become a significant source of several of the nontuel
minerals used In our domestic economy. Sulfur extracted from two mines
off Ladstana constitutes IS percent of US. production (and the bulk of
the wotkrs total offshore production) of this valuable industrial raw mate.
rill. Recovery of diwilatb from sea water, especially magnesium, bromine

zalt, has doubkd during the lett decade, and some SO miRion cubic
yards of send and gravel and 20 million tons of oyster shells are extracted
Ramify from the U.S. Ciontinentel Shelf. ,



Table 1f-2Worldwide Production of Mineral Resources From the Oceans
in 1869

Pemba* Value
b y Onliliaws
from Dvitasamn &Alm)

Seawater:
Salt.
Magotslurn weld
Fresh water
Bromine
Magnesllim compounds

29
61
59
70
6

$173
75
51
45
41

Heavy water (1)10) 20 27
Others (potassium, calcium salts, sodium sulfate ) 1

Total value from seawater 412Ma
&Minor (s dace deposits):

Sand and gravel <1 100
Shell eo so
'Fin 4 24
I-Teavy mineral sands (ilmtnite, rutile, sirern,

garnet, etc) IS 13
Diamonds 1 9
Iron Lands . < I 4

Tot 4 valoe c/ turfidal deposits

&allot. (test Ace deposits):
oa and gas
Sulfur

Iron

Total value of subbottoen deposits

Tots!

180

16 100
4 . 26

2 SSS
17<I

6, 478

7,070

essems Dapartsmst stile harlot Dow Obwoleal 044Menramere.

rstpeatiettb te Pima.*

Advancemettt by the minerals Industry ottshoie hid been impeded by
three Interacting considerations--econornictd, technological, and innitu.
tional. The economic attracdvenen of offshore ventures depends on a variety
of factors: resource demand; competidost from other sources; cost and
effectiveness of marine operations; potential productivity of the deposits;
and investment climate, Including stability of operations. At greater water
depths and distances from shore, costs rise rapidly. It is estimated that the
capital cost to develop and produce from a 50-million.bartel offshore
petroleum field will Increase more than Ifu percent when moving from 100
se 000 feet of water.

The petroleum Industry has been si±olariy successful in moving or.
shore, combining the Initial advantage of being able to adspt dint many
onshore akplotationproluctIon espasihtks with imsginative
techniques for deeper 'vat& operations. Although current production is
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limited to a water depth of 340 feet, exploratory drilling for oil is proceeding
at depths of 1,500 feet in the Santa Barbara Channel. The report, of the
National Petroleum Council issued in March 1969, "Petroleum Resources
Under the Ocean Floor," stated that progress of the petroleum industry
offshore is limited primarily by economic attractiveness rather than by
technological capability, and predicted that complete systems for explora-
tion and production in water depths of 6,000 feet will be available within
the decade.

Unlike oil and gas, marine nonfuel minerals have been relatively neglected
due largely to the absence of an economic incentive sufficient to stimulate
development of exploration and production capabilities. Worldwide, less
than $250 million in hard minerals were recovered from the oceans last
year in some 300 mining operations, all conducted close to shore (table
V-3).

.,

Table V-3-11tocent Marine Mining Activities

Activity Depth (feet) a Location

Aragonite Dredging 100, Bahamas.
Diamonds Dredging 100 Southwest Africa.
Gold Exploration 200 Philippind.

Exploration 600 Alaska.
Heavy metals . Exploration 200 Australia.

Exploration 100 New Zealand.
Exploration 100 Momenta.

Iron Exploodon 200 Philippines.
Iron sand, Dredging 30 Japan. -

Exploration 200 Papua and New

Manganese nodules
4 ",

=. Phosphate

Exploration 1200± Canada (B.C.)
Exploration 120004- Pacific Ocean.
Exploration 600± Union of South

.*,.. ........**,

. Exploration 600-2400 Blake Plateau.
Exploration - ? India
Exploration On- ,

active). 600± California.
Exploradon ') 600 Australia.
Exploration . 600 Mexico. "°
Exploration 600 North Carolina.

'''l Drtdging New England. e;
Iceland. I''.i*y5 is

California. -t
6000± Red Sea. ";

. ,1 601 Louisiana. " '''''

Pl.osphate sands

Sand 1007
Shelf sands K .150±
Shells.,
Sulfide muds

Dredging.. ..... 301
Explorationtr

Sulfur (Frass.h)
Tin Exploration

Dredging...
Exploration...

ir;,;`Nr
Exploration... . .
Exploration...

Titanium Exploration
,"

150 Indonesia.
200 Malaysia.
150-- Thailand.
200 Great Britain.
200 Solomon Islands.
200 Philippines. 1.',-*'"'

generally twit& asplorstion activity. Does suit include mines °denoting on land
and au wider the oft floor.

3 1410 than by ; more ',bad Is represented by +i approximately Is represented by +.
Some: Department et Obi Interior-. 'T" '34g4fikevl.

is



Identification of target areas for hard minerals mining is especially diffi-
cult since few deposits extend seaward from land, making tracing impos-
sible, and most have small horizontal dimensions. Thus, more sophisticated
exploratory techniques and equipment than used on land are required. Also,
production of surficlal minerals is limited to protected coastal waters less
than 200 feet deep because of the lack of a deep - water, open-ocean dredging
capability; tunneling for subfloor minerals is restricted to 15 miles from
shore by the state-of-the-art of underground excavation techniques. Con-
sequently, most experts believe that production of hard minerals in the
near future will probably continue to be limited to nearshore areas unless
unknown, extremely rich deposits are found in the deep ocean, or a sudden
change in the availability of critical commodities dictates unusual measures.

Future discovery of valuable new sources of minerals in the deep ocean
cannot be ruled out. Vast areas, including the longest and highest chains of
mountains on earththe mid-oceanic ridges and their associated lift val-
leysare virtually unexplored. During separate expeditions in the Red Sea
in 1964, 1965, and 1966, three undersea pools of hot, high-density, metal-
bearing brines were found at depths of some 7,000 feet. Scientists from
Woods Hole Oceanograpilic Institution, who have estimated that the
brines contain over $2.3 billion in gold, copper, zinc, and silver in their top
100 feet, believe that the origin of the metals is related to a rift valley that
cuts through the middle of the sea. ' .

Despite economic and technological constraints on ocean mining, indus-
try's most frequently stated problemaccording to the report of the Com-
mission on Marine Science, Engineering and Resourcesis "the lack of a
clear regulatory, and legal framework for many aspects of marine operations.
Industry also is handicapped by current and foreseeable conflicts over multi-

, pie use of marine areas and by lack of clear definition of the rights of
individuals and companies to use coastal or offshore areas." In view of
growing public reaction against the use of coastal waters for operations

-.. which pose hazards to water quality and marine ,ecology, and unresolved
international, issues on ownership, of minerals of the deep ocean (see cbs.
III and XIII), institutional factors involving social,' legal, and administrative
considerations may be the major impediments to an expansion of marine
minerals development in the 1970's. ;:i:-;'J"`

90f$4.:,.....1tFcW.ii;',CPV3.1y, = .,.
vernment's Role and Agency ReeponelbIlltles .r

1,
!,

Goviruirient's role with respect to 'mineral development has
encourage and sponsor programs .

'6's, (1) insure an adeqUate,Aopendable diverse supply of raw materials
for an expanding popnliticki'and for a growing industrial economy;

(2) Have available Mineral supplies at lowest cost consistent with
e satisfaction of other 'national objectives,
(3) MiintOri k inifficIent resource base for national security;

Conserve the Nation's Mineral.risourees by using them wisely
and T*.ggAe41;Ktf*eifg"N,fiWAktkiosVtr*.c*'ar4k,,

(5) P r e s e r V e t l i e j o a l i t y of t h e en v i r o n t n e n t a i r , water, and land
while hiring the mineral reikairxsf-r y . 44k"

"" A ,,r } iJ t ;.11'
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(6) Maintain safe and healthful working conditions during mining
and mineral processing;

(7) Manage the mineral resources of Federal lands in accordance
with sound business principles;

(8) Manage U.S. mineral resources so as to assist in maintaining a
favorable balance of payments;

(9) Provide supporting services such as mapping and charting,
weather and sea forecasting, aids to nr:vigation, ice breaking and channel
maintenance, and rescue-at-sea activities; and

(10) Provide a climate for industry to produce efficiently under com-
petitive conditions the minerals required for the domestic economy and
foreign trade.

In carrying out this role, it is assumed that the actual production of the
minerals from the sea as well as from land will continue to be accomplished
by private industry.

Programs which directly and indirectly contribute to the development
and management of marine minerals are conducted by a large number of
Federal agenbies and include

Ajko
';e3>

(1) Resource mapping, delineation, and assessment to identify the
general distribution and economic potential of seabed minerals
Geological Survey, Corps of Engineers, Environmental Science Serv-
ices Administration ;

(2) Leasing and management of federally-owned landGeological
Survey; Bureau of Land Management;

(3) Development of prototype mining and processing methods and
systems prohibitively expensive for industry to undertake aloneBureau
of Mines, Office of Saline Water;

(4) Supply and demand analyses for minerals and fuelsBureau of
Mines,

(5) Supporting services such as bathyrn' etric charting, geophysical
surveys, logistic support, environmental forecasting, and safety-at-sea
Environmental Science Services Administration, Navy, Coast Guard,
Corps of Engineers; '

(6) Research on seafloor origin, structure, and processes fundamental
to understanding and predicting mineral occurrencesNational Science
Foundation, Navy, Geological Si rveY, -frs4~',1 50.;..ta

= ") (7) Administration of U.S. tax, customs, regulatory, and import-
export policies--Departments of Treasury, Justice, and Interior, Federal
Power Commission, Interstate Commerce Commission; and = 4

i4,, (8) Participation in international negotiations on issues affecting
marine mineral developmentDepartment of State.

Cooidination of theie diverse but interrelated activities to serve industry,
State and local governments, and, the general public is accomplished through
a variety of interagency Mechanisnis, most of which involVe Executive Office
overview by the Of Science and Technology' the Council' of Economic
Adviseri; the National Security Council, the Bureau of the Budget, and the
Mstrint Sciencei Council.. Under' the Marine Resources and Engineering
Development Act of 1966 (app. B-2), the Marine Sciences Council is
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responsible for assisting the President to insure that the marine science
activities of the United States are conducted so as to accelerate development
of marine resources and to encourage private investment in the requisite
exploration, technological development, and economic utilization.

Programs of the Department of the Interior

The Department of the Interior, the Government's primary agent for
natural resources, carries out those Federal programs specifically directed
at marine minerals development and management. To strengthen the
Department's capabilities to deal with emerging and critical issues in the
marine area, the Secretary of the Interior has named an Assistant Secretary
for Fish and Wildlife, Parks and Marine Resources and created an Office of
Marine Resources under the Assistant Secretary. During the last fiscal year,
Interior funded marine minerals programs amounting to $8 million which
were conducted by the Geological Survey, Bureau of Land Management,
Bureau of Mines, and Office of Saline Water (table V -4)..'

Table V- 4-- Department of the interior Preparns Direct
Support of Minerals

(in million; of dollars' ;

Activity Ind si Estimated Estimated Estimated
1900 1970 1971

Geologic Investigation.: Geological Survey I 9 a 3 & 3
Mining research: Bureau of Mines I.5 n. 9 , a 9
Leasing and management: ',,e. -'

Bureau of Land Management St, 3 , a 5 a 5
0e0otrial S!IrveY a 8 1. 3 , 1 7

.7. t Fresh water sources and marine relationships: ,

Office of Saline Water 1 I. 9 ' I 6 ' I 2
Geological Survey 0.6 ., 0.6 0.6

Total a 0 a 2 9.2

i Procaine to develop and demOnetnte desalting method; ate not Included.
.. ii:Ogii,,,311,.cit.;:i7. tif;;,,v.,,, "Y.Cl, 0. ; ,--4...iV.,

0.s".'''':.:.':': 'K: '' T' - ,
',, The Geological Survey's program of marine geology involves geological
and geophySical reconnaissance surveysand mapping of the U.S. continental
marginS to identify and. appraise target areas for pOiential new mineral

-.--,, resources; evaluate geologic and engineering hazards relating to the ieafloor
, :: and investigate geologic processes in the marine environment. The Geo: r,

I
logical §tliirei began concerted offshore, mapping in 1962 by sponsoring '.

t a cooperative Pr°894with Woods
.,,

#))e,0041PgraiYc Institution on theA

At' altiP SOlinertil niriti; this mapping effort has sInCA°°e° expanded t°.. the*, 0414 NtAco, and Mashan .44itS and inOld!ia, research contracts with
,o. N nine Univeriiiies. Wcierl 'LS: now "proceeding on a' ti*-134-14, Program

,ei, for completing a iomprehensiiit*geOlOii* 'arialYsii of the Nat,ieri I coil- -
'1 611°,141 __SnIS at fisPlie of 250,000 with Pesi*ricco/STOati°° of data ,,3,-

";4 ft* 4,11044iNe `sources ti at 1, : i;oPu,000 or imaireetorfilaboog purposes.
'' At present; leis thin 10 Percent of the mapping effort has been completed. .

t
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Priority areas to be mapped are selected by the urgency of the "need-to-know"
in terms of assessing the economic value of lands to be offered for leasing,
identifying geological hazards to construction activities, and locating
potential new deposits of needed minerals to stimulate development by

private industry.
Among recent Geological Survey marine programs are

(1) Intermediate scale geologic mapping in the central Gulf of
Alaska and on the Bering and Chukchi continental shelves to serve

as a guide for the assessment of placer depositi of gold, tin, platinum,
and oil and gas resources;

(2) Participation with the toast Guard and ESSA's Coast and
Geodetic Survey in "Polar Profile-1969," an oceanographic rtrvey
of the Chukchi Sea aboard the U.S. Coast Guard cutter Storis which
identified geologic structures and sedimentary rock sequences possibly

favorable for large accumulations of petroleum;
(3) Detailed geologic and hydrologic investigations of San Fran-

cisco Bay to assist in planning for land development and construction
engineering in a seismically active area;

(4) A geochemical analysis of 1,400 bottom samples from the north-
western Gulf of Mexico which revealed anomalously high concentra-
tions of zirconium, possibly indicating the presence of economically
important heavy mineral occurrences,

(5) An, extensive regional stn tural, stratigraphic, and geochemical
survey of the Gulf of Mexico, conducted jointly with the Navy aboard
the USNS leant in concert with its military objectives, which demon-
strated that geologic conditions are favorable for oil and gas beneath
much of the Gulf; and , ,

(6) Mapping programs off Boston to identify sand and gravel de-
posits, and between Cape Hatteras and Cape Fear to investigate the
resource-- potential of that region.

In August 1969, the Geological Survey published four new maps plus

an interpretive text which represent a major contribution to our consoli-
dated knowledge of global marine, mineral resources.' "World Subsea Min-
era! Resources" is a first attempt to summarize data on the occurrence of

subsea minerals and to outline, their location and extent throughout the
world's ocean basins. Information and adVice was provided by experts from

industry and academia as well as from Federal agencies. ter

These preliminary maps were prepared at the request, of the Marine
Sciences Council as part of the GovenMaert's effort to assemble basic in-
formation helpful to its own officials'and to those of other nations concerned
with seabed exploration and development. Copies of the maps were pre-
sented to representatives of the United Nations Committee on the Peaceful
Uses of the Seabed and OCean Floor Beyond the Limits of National Juris-
diction at theisinitig of its session last August

, 4.3 r.", . , p.'",e4.441
' Ytkl ZIrX4#4'f)'

"World Subsea Mineral Resources° (preliminary maps); McKelvey, V. E. and
Wang, F. H., 'U.S. Geological Survey; Miscellaneous Geologic Investigations, Map

ti 1-632$ 1969. `--b°'e"Ok" tY,'r AN
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The maps depict large-scale geologic provinces; known and potential
distribution of petroleum, sulfur, phosphorite, managanese, metal-bearing
muds, and saline minerals (fig. V-3) ; and sites of current mining, drilling,
and dredging operations. The interpretive text notes that areas favoi,
able for the local occurrence of subsea petroleum resources may be adjacent
to nearly every coastal nation but adds that the geology and resources of the
seabottom are still too imperfectly known for accurate appraisal of their
magnitude and value.

Both the Geological Survey and the Office of Saline Water sponsor pro-
grams designed to use the oceans to augment conventional sources of fresh
water. Office of Saline Water activities involve research and development
related to purification of seawater and mineral recovery from concentrated
brines. The Survey undertakes the collection and appraisal of basic water
data; conducts research and mapping related to submarine springs and
coastal aquifers; and investigates hydrology, hydraulics and sedimentation
in selected estuaries. A study of offshore aquifers in Monterey Bay is cur-
rently being conducted in cooperation with State agencies.

The Bureau of Mines conducts studies of the U.S. consumption, domestic
production, and reserves of more than 80 minerals, including examination
of the economics of production from marine and alternative sources. The
marine mining program of the bureau, carried out at its Marine Minerals
TeChnology Center at Tiburon, Calif., is designed to assist in the develop-

. ment of resource samplhig, delineation, and production equipment and
techniques which are effective and reliable and Which afford maximum pro-
tection to the 'environment. Activities in 1969 included the testing of sys-
tems for automated precise position fixing and modification of subbottom
profiling equipment to make it more suitable, for delineation of marine min -
eral deposits. In addition, the analysis of data from an earlier survey of

:8 Coronado Bank phosphorite deposits revealed a significant correlation be-
tween high 'mineral concentration and specific physical characteristics of
individual deposits. This suggests` the possibility that the economic potential
of other phosphorite deposits Can be assessed on the basis of their physical
PrTe4ies.

Statutory responsibility for leasing and managing federally -owned off- . .

shore 805,000-square-4Ie Outer Continental Shelfis vested 3,
in the DePartm,, ent theInterior, specifically in the Boreau of Land Man-
agernini and r, the GeOlogical Survey. The Bureau, Of Land Management ,1
prepares' leasingniapi, fields lease sales, and &Opp-svea assignment of lease
interests. It alio- issues rights -of -way for pipelinesanci related facilities and,
during the past Year, Completed a study on the place of offshore oil in the
total national supplY` In Progress is a study designed to identify the
nomic impait'of recent revisions in the reinlationi which govern leasiag
and drilling on the Outer Continental Shelf. The GeologicalSurvey is the

eagent for gathering iriforiiiiitiOifOn the geology and mineral 'resources of the
Offshore areas and for sirpirtisuivesource production activities. The hro
bureaiis work together 0054* tractsto,he offered for lease and develop- ,
Merit; to assess the eaontimfe'Vaine of the acreage for piarPoies of establishing
acceptable bonuses' ; and to' lan for long-tenn development of the OCS.
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The selection of offshore lands for leasing, determination of their fair-
market value, supervision of drilling activities, and prevention of environ-
mental degradation became focal points of nationwide attention last year.
For the first time, the Secretary of the Interior revised the regulations gov-
erning leasing and the production of oil and gas on the Outer Continental
Shelf. (See ch. III.) And, following the oil well blowout on a Federal lease in
Santa Barbara Channel early in 1969, the President appointed an ad hoc
Oil Spill Panel which subsequently issued two reports assessing the hazards
of oil spills and recommending revisions in Federal minerals policies which
would afford greater protection to the marine environment. (Seech. III.)

4

Activities of Other Agencies
,-

In addition to bepartment of the Interior programs specifically oriented
toward marine minerals development, many other departments and agen-
cies support closely related activities. Through its Coast and Geodetic
Survey, the Enviroamental Science Services Adminiitration conducts bathy-
metric and geophysical surveys of the continental shelves and deep ocean
areas. The bathynietric charts are used by both the private and public sectors
as base maps upon which seafloor geology, subfloor structure, and potential
mineral-bearing areas are overlaid. 1.?or this reason, the selection of geo-
graphical areas Is closely coordinated with the offshore mapping programs
of the Geblogieal Survey. A long range mapping programhas been developed
for the entire continental shelf of the United States with annual priorities
determined to a large extent by the immediate requirements of the various
users. Maps have been published recently for areas of the California and
Oregon coasts,' and others are being prepared for parts of the Gulf of
Maine and for the sea floor off North Carolina: v 1

ESSA ueis also pursuing a program,of wren e exp oration and mapping
(SEAMAP) designed tO'Cornplite the mapping of 30 percent of theworld's
oceans, primarily the Eastern North Pacific and most of the North Atlantic,

`1, in the '1980's. Theoutput of this Program' will be 1:1,000,000-scale maps
shOwirig the bathYrnetcyand the geophysical and geological properties of the
sea floor. Late year, a bathynietrit map .with' *physical overlays was pub-
lisb.4 for Norton SOlind; Alaika:In addition; MA's environmental predic-

:` !:, tioliServiteiaid all Federal and non Federal sea based operationsundertaken
to Wide:Mind and deiielep mineral

The NaW;Cbializeti`eiiiphYsical surveys onthe U.S continental margins
7 as well as in the deep ,Ocean irkiespanie to defense and makes

most of these -data a le to the ublic.'In'additien to kit year's regional
study 'of the Gulf ot5?' with Geological

of ih4 Fialtien and Western
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terranean Sea, many new questions are raised about the history of the
ocean basins and previous estimates of mineral potential of the deep oceans
may have to be revised upward.

Another example of spinoff to the marine minerals area from the Navy's
military-oriented program is the identification of what may be one of the
most prolific oil reserves in the world on the continental shelf between the
Republic of China and Japan as the result of a survey undertaken with
the contract vessel R/V F. V. Hunt. Three small basins beneath tl.e Yellow
Sea were also found to be highly promising areas for petroleum deposits.

The Army Corps of Engineers, through its Coastal Engineering Research
Center and Lake Survey District, has been conducting a sand inventory pro-
gram since 1964 as part of a beach replenishment effort. To date, some
7,300 statute miles of seismic profiles and 1,000 cores have been collected,
in large part under contract with private industry. A cooperative inventory
program with the U.S. Geological Survey is currently underway to assess
sand deposits in areas of mutual interest such as Long Island Sound.

The U.S. Coast Guard conducts oceanographic surveys off Alaska which
involve geophysical measurements and bottom sediment samples. The "Polar
Profile- 1969" program in the Chukchi Sea, carried out jointly by the Coast
Guard, the Geological Survey, and ESSA, has been previously mentioned.
As the development of the mineral resources of the polar regions intensifies,
Coast Guard supporting services involving the maintenance of transporta-
tion routes, logistic support for bases, and safety -at -sea will become increas-
ingly important.
, The National Science Foundation annually funds some $1.5 million in
university research on the origin, evolution, structure, Ethology, and sedi-
mentology of the U.S. continental margins and the deep ocean basins.
Knowledge of the sources of known mineral deposits, the distribution of
sediments by waves and currents, and the formation and movement of
the oceanic crust is fundamental to the efficient location and exploitatiOn of
seabed minerals.

Under the Sei; Grant Program administered by the National Science
Foundation, Offshore oil and gas studies were conducted last year on the
geochelAistry of offshore petroleum and the deposition of sediments; grad-
irate education, programs developed in the area of marine minerals; inven-
tories prepared of coastal sand and deep sea mineral deposits; and geo-

t physical studies of the Great Lakes undertaken to assess economic potential.
1 The Foundation is also supporting the Deep Sea Drilling Project (ch. XI)

which has not only demonstrated the feasibility of new navigational systems
and drilling techniques, but is adding a wealth of yaluabl.1 new information
to our limited knowledge, of the sediments and potential mineral provinces
of the deep ocearis. Although virtually all accomplishments of this projett

; are to the fail* of ihe offshore mining indtistry, several findings
relatedfo' seabed mineral occurrences are' particularly' noteworthy :

The 46°("YPIY of oil and gas at unexpected depths in the Gulf of
CAlcO00:ciat0*fthiMni4ons of WC

IdentificatiOn of large amounts of iron and other metal oxide preeipi-
in sediments at one site.
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3. Demonstration that only a very small proportion of ferromanganese
nodules encountered on the seafloor continues downward into the under-
lying sediments.

Growing Global Interest and Capability

As the decade of the 1910's begins, intensifying worldwide interest in
marine mineral resources and the availability of an increasingly sophisti-
cated mining technology are converging to generate new and unique oppor-
tunities and challenges at both the national and international levels. While
the United States leads the way in harvesting minerals from the oceans and
in developing offshore mining technology, virtually every maritime nation
and advanced coastal State is conductIng marine minerals programs. Japan,
the Soviet Union, France, the Federal Republic of Germany, and Canada
have all announced long-range plans or significant new discoveries.

-1',A1011-4,4-nt.`,Tvv;A/zikr;:l .11-'vv-iV`It.4
A 6,5-foot, elf irk sulonwrsibli dredge, capable ,of working at 100-foot clop* up to
three-sioarlers of is' mile offshOre, is inspected prior to operation. At the dredge
Crawls along on tai kliks tracks, a 12-inch sitter loadd on the 'sad of the boom
ajitalet the sand which it thin nuked upaloots"with'roatei" and discharged on the
beach through 12-inch pipes at st rats' of 9,000 gallons' Per minute. Two operators ride
insids a pressurised conspariM4tat suPPliet 1 with air and electricity 44rough an
umbilical coril,ftom shore. The dredge is owned by Ocean Science and Engineering, ,

lac.' W ; ^

The rising interest in marine minerals is in large part attributable to
knowledge that rich resources; protected for centuries by the vagaries and
deptha of the oceans, are becOming adcessible as new technologies (*tend

: man's reach. The Deep Sea Drilling Project; Piojett Tektite; the voyage of
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the SS Manhattan, and a new generation of submersible vehicles are dem-
onstrations of the rapid development of capabilities to explore and produce
resources on and beneath the surface of the water in regions heretofore
restricted from man's concerted intervention by technological limitations.

As noted earlier, exploratory drilling for oil has been extended to water
depths of 1,500 feet and, within 10 years, actual production should be
possible in water four times as deep. This year, as part of the second phase
of the Deep Sea Drilling Project, a sonar-based system for reentering drill
holes will be tested aboard the Glamor Challenger. Drilling at sea has been
seriously hampered by the necessity of abandoning a hole once the drill bit
has dulled. Successful introduction of the reentry system will not only open
the way for exploratory and development drilling to great depths in the
deep ocean but will allow for the placement of seismographs, heat probes,
and other instrumentation beneath the sea floor. Also to be tested is a
turbocoring unit in which water pressure turns the drill while the drill
string remains stationary.

In response to variety of requirements, the offshore petroleum industry
is beginning to move many of its, operations under the sea. Last August,
a 15,000-ton, 5,000,000-barrel bottomless underwater tank, 20 stories high,
was installed in 158 feet of water off Dubai in the Arabian Gulf for the
storage of crude oil. (See photograph at beginning of this chapter.) The
system avoids the need for onshore storage tanks and underwater pipeline;
and may have wide application off countries where lack of deep water port
facilities prevents docking of supertankers. ',. 4,

Beginning this spring, a number of companies including Lockheed, North
American Rockwell, and Deep Oil Technology will test prototype petro-
leum production systems emplaced beneath the surface of t. vater on the
ocean Rear. These systems are designed to give producers the Capability to
extract petroleum from multiple wells in water depths of 1,500 feet or more,
with manned operations conducted Under shirtsleeve conditions in an en-
closed capsule. The drilling would be accomplished from surface drilling
ships. Undersea location of production equipment will reduce storm and
marine traffic haiards, and avoid cluttering the oceans and coastal areas
with often unsightly surfaceitructUres. The President's panel on on Spills,
in its report "Offshore' Mineral Resources, "' recommended that the Gov-

. eminent move in the direction of a policy that would require offshore oil
and gag p rod uch 0n tin ctures to be totally ben e th th e su aCe of the sea
in specified areas.

TechriOlogY. for 'the recovery of unconsolidated minerals lying on the
seatioOrii also advancing. Last year; a submersible dredge, capable of operat-

:, ing up to three-quarters of a mile offshore free from unpredictable air-sea
interface effe0; was placed.into operation by Ocean Science & Engineering,

Florida'.Inc. off east 04* in'apretOtYpe test sponsored by. the Corps of
Engineeriandthe Statkof Florida. Design'aiiil lilting of a variety: of new

, ..
concepts in 'airlift ancl';:stietion type hydratilic dredges for deep water

dens are also under:Way.",
4 .
104:11U "eft

"Offshore Mine* RetourcesA Challenge and an Opportunity"; Second Report
of the President's Panel on Oil Spills; Office of Science and Technology, 1969. z ;';
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This summer, a prototype mining system for manganese nodules which
utilizes a unique dredge head will be tested by Deepsea Ventures, Inc. in
water depths of 3,000 feet on the Blake Plateau. The same company is
currently delineating possible mining sites in the Pacific Ocean as well as
operating a mini-pilot plant to evaluate the economics of a chemical process
for separating and recovering the manganese, copper, nickel, and cobalt.
Indicative of the growing global interest in harvesting manganese nodules is
the recent announcement by Japan's Transportation Ministry that a subsidy
will be awarded for the construction of manganese mining ships as part of a
program to develop new reserves of raw materials for its steelmaking
industry.

4
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Major Challenges of the Sevenths

In spite of the growing demand for minerals and the availability of
enhanced technological capabilities for exploiting them from the oceans, two
strong countercurrents have developed during the past several years which
may have a retarding effect on offshore mineral production during this
decade. The first of these is growing preoccupation with preserving and
securing the quality of our environment. Concern over the quality of our
inland lakes and riven and the air we breathe has expanded to encompass
the oceans, particularly the near-shore areas. This is largely the result of a
series of highly publicized disasters and near-disasters which have included
the Santa Barbara blowout and the Torrey Canyon and Ocean Eagle oil
tanker spills. Much has also been written recently about possible detrimental
effects of mineral dredging and processing operations at sea on the ambient
environment.

Potential hazards on a previously unknown scale are being created by an
ever-growing world fleet of supertankeri which even today plies waters
off heavily populated coastal areas and which may, in the near future.,
operate in the Arctic. The extremely slow degradation of oil under polar
conditions due to lack of microbial action mice, both the prospect of its
exploitation and transport in far northern SEM unpalatable to many. To
anticipate and address potential problems of environmental degradation
stemming from resource development in this region, the President's five-
point marine sciences program includes an expansion of Arctic research,
with special emphasis on ecological considerations.

Thus a major challenge in the 1970's will be the achievement of a balance
between potentially conflicting objectives of marine resource development
and environmental protection which will proem the rights of the public,
industry and Government while at the same time masdmize net national
benefits, social as well as economic. As discussed in chapter III on the
coastal tone, this delicate balance must be achieved within the framework
of a multiple-use concept which avoids the equally unsatisfactory extremes
of complete freedom for industrial mineral development on one hand and
complete exclusion of the mineral industry from coastal waters on the other.

Paradoxic ally, a second major challenge to an expansion of marine
era,: mining is being generated by growing worldwide interest in the
minerals. As described in chapter XIII on international policy, the Malta
proposal in the fall of 1967 focused international attention Q.. the questions
of ownership of the seabed minerals outside the boundaries of national prig-

. diction and how these boundaries are to be determined. Subsequent discus-
skes within various international forums and individual nations have
stimulated the interest of developing coastal nations In the mineral potential
of their offshore margins; raised the possibility for developing landlocked
Mitts of sharing in the economic benefits from deep ocean minerals; and
created teen in may mineral expecting nations by raising the specter of.
a new source of commotion. The net effeet of thb focusing of attention may
Actually retard the exploitation of seabed minerals in the years Immediately
ahead. This was demonstrated by palmate of a resolution by the United
Naked in Deeember 1969, despite opposition by the United Stew, which



would prohibit mining activities in areas beyond limits of national jurisdic-
tion pending creation of an international legal-administrative regime for the
deep oceans.

Even within the United States, ownership of offshore mineral rights is
still an issue, both at the Federal-State and State-State levels. Last year,
legislation was introduced in Congress on behalf of the Atlantic Seaboard
States to extend their offshore exploitation rights out to 12 miles from
the present 3-mile limit established by the Submerged Lands Act of 1953.
As a result of claims to undersea lands out as far as 100 miles based on
colonial charters, the Government filed suit in April against 13 Atlantic
Coast States (the Original Thirteen less Vermont and Connecticut, plus
Maine and Florida) to bring final resolution to the question of ownership
of mineral rights on the Atlantic continental shelf. Other longstanding
disputes over title to minerals off U.S. coasts remain unsettled due In part

-. to the absence of fixed and identifiable baselines in most coastal areas
from which to determine jurisdictional boundaries.

The importance attached to resolving the broad questions of jurisdiction
over continental shelf and deep ocean resources is manifested by the
establishment of three special congressional subcommittees during 1969 and
the rising attention to ocean taw in academic and professional circles.

In no area of marine science are the benefits fromindeed, the necessity
fora public-private partnership more apparent than in the development
of mineral resources. The exploitation of these resources will continue to be
conducted by private industry. At the same time, the minerals are on public
lands and must be managed in accordance with overall national priorities
and objectives, Including considerations of foreign policy. In view of the
mineral potential of the oceans and the complex issues confronting their
continued exploitation, It is imperative that the Federal and State Govetn
meats and private Mdustry work together to develop polities which take into
account the economic incentives that motivate industry to move seaward,
the rapidly evolving technology for doing so, the glowing public demand
for adequate environmental protection, and the implications of these poll.
cies for our broader international objectives. During this decade, develop.
meat of judicious and effective policies for marine minerals will take on a
growing urgencyand will require the application of the best of our national
talents drawn not only from science and technology but also from the di
ciplines of law, economics, sociology, conservation, and international affairs.
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Chapter VI

ACCELERATING USE OF FOOD FROM
THE SEA

The United States has an important stake in furthering development of
the sea's food resources. The fishing industry can contribute to domestic
and international economic development, provide employment, conduct
research to assist in using the oceans more effectively, and provide food for
combating hunger and malnutrition in the Nation and the world.

The world's rapidly increasing population portends an urgent need for
increased supplies of food from all sources. By the year 2000one genera-
tion from nowmore than 6 billion people will be competing for the
earth's food and resources. Already many developing areas of the world are
critically short of animal protein.

The living resources of the sea can contribute importahtly to meeting
a part of the worldwide need for animal protein: The present harvest of
the ocean is roughly 64 million tons annually. Seafood production is one
of the few major foodstuffs Increasing faster than population growth..The
Food and Agriculture Organization estimates indicate that a wellmanaged
world fishery could yield three to five times thecurrent output. Large quanti-
ties of the unutilited living marine resources lie off our own coasts and

-the COMS of many protein-deficient countries. The world fish catth, major
areas of resources potential, and protein deficiency are indicated in figure

The Marine ScienCes Act calls for rehabilitating our commercial fisheries,
as pert ohs national policy for marine science. The act also states that U.S.
marine science activities should be conducted so as to contribute to a variety
of objectives, including accelerating marine resource development and
fostering international cooperation in the national interest. One of the
first initiatives taken under the act was to seek to use U.& technology and
leadetildp to develop food from the sea to help feed the undernourished
people of the world.

ti

The U.S. PAIN Industry

The United Stites his extensive costal Altai inhabited by large varieties
. and quantities of potentially valuable fish and shellfish. The bureau of Com.

toerdal Plehetilet estimates these area could nearly 20 million tons
emusliy, of sk to SWIM times the current Yet icday our fisher.
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while today the Lnited State; provides the most lucrative world market
for fishery products, only a mall part of our total fish consumption b pro
vided by domestic fishermen. In 1969, about 60 percent of the total U.S.
supply of fish products came from imports. Figure V/-3 portrays the trend
of the U.S. supply of fishery products. The sharp decline in US. fish imports
last year resulted from a short supply and higher prices of fish meal for
animal feed on the world market and the substitution of soybean as an
alternative protein source.

The generally static condition in ns of the harvesting segment of the
U.S. fish food Ind contrasts with the dynamic growth of some parts
of the processing and cihttibution segments of the industry. A few branches
of the harvesting irbdustrveuch as the shrimp and tropical tuna Indus.
tries are growing, energized by technology and aggressive MA
developed at home and in overseas operations. U.S. processing and

=
don firms have established extensive collecting netwotis for raw and semi-
wowed fishery products in more than 30 mottles, primarily in the
developing world.' .`_

This increasing dependence on foreign sources for primary production
has occurred because many bulk raw fish and fish products can be secured
at a lower wet from foreign than from US. producers. The high costs of U.S
producers compared to foreign result frown a number of futon, including

*The Deimil estrus tepees Valdasdosal fasestmeat Oriketealtles Is Ocean
Aedvides" destelbes sous of doss atthisks. .
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Figure VI-1Fishery Catch Resources and Areas of Protein
Deficiency, 34$11
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men harvest but one-tenth of this potential; foreign fishermen take most of
the fish caught in international waters off the U.S. coast. While world fishery
production shown in figure VI-2 has sharply increased, the annual catch
by U.S. fishermen has remained almost level at 2.2 million tons. Moreover,
while US. fish consumption has trebled during the last three decades, an



the requirement that U.S. fishing vessels be built in the United States,' the
tangle of confused and conflicting local and State regulations,' relatively high

Figure VI-2Catch of Seafoods by Leading Countries
mion of Pounds
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U.S. living standards and costs, subsidized foreign production, and high
vessel casualty rates.' However, a substantial part of high U.S. costs stems
from our management of the fisheries as common property resources which
often leads to over capitalization, more boats and fishermen than are needed
to harvest the optimum yields, and resulting conservation regulations which
downgrade harvesting efficiency to limit the total catch of the larger-than-
necessary fishing fleet. This profit squeeze is widely felt, contributing to locally
depressed incomes, limited and highly selective capital investments in U.S..
flag fishing vessels, and unemployment in tome U.S. fishery localities.

Ravitalizing the Fishing Indust*

The domestic and foreign demand for fish and shellfish products will
continue to mount In the years ahead, as both staples and gourmet foods.
Many U.S. coastal communities and industries will continue to rely upon
the fishing industry to supply jobs, Income and raw materials.

Programs of research and development have an Important role to play
in strengthening the fishing industry. Basic biological studies provide a
basis for assessing fish yields. Surveys and exploratory fishing programs
establish the potential of latent fisheries. The development of new harvest-
ing techniques, fishing gear, and equipment CM increase catches and reduce
costs. Better and more efficient methods for processing and handling fish
productsintbding quality control and diversified product usebroaden
the market and provide more and better fish products for the consvmer. ,

During the past several years nuinerous studies have been conducted with.
in and outside the Oovenunent to identify more clearly ways to overcome
impediments to growth of the harvesting sector of the seafood industry. Of
Irnpostance was a March MB conference of representatives of all parts of
Industry, partially supported by the Marine Sciences Council.' The Con
fames recommended that the Federal 00Vettlftlent reexamine fishing
restrictions that reduce efficiencies of the fisherman, consider limiting the
number of fishermen exploiting stocks already being fully harvested, im
prove statistics on fisheries, strengthen U.S policies concerning fishery
management, and take into account food shortages on a worldwide scale in

.
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Figure V1-SU.S. Supply of Fishery Products
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promoting development of the domestic industry. Private Industry was urged
to develop and expand the seafood market and to provide better education
and training In the Industry.

The Marine Sciences Council in 1968 considered an approach to the
problems of U.S. fishermen and of developing a healthy industry, including
such steps as providing uniform guidelines for fishery conservation and mane
*gement, revising fishing vessel subsidy program, encouraging greater vertical
integration or the U.S. fishing industry, and increasing use of technology
and better fishery statistical information.'

In this context the Bureau of Commercial Fisheries (BOP) is considering
programs and policies which could

(I) Reduce production costs by providing improved resource infor,
madon and reliable forecasts to cut search dine for fish and improve
scheduling and eqtdpmmt use; developing more efficient harvesting
technology; encouraging adoption of economic management systems

''1'W sorsa& vu iodised la men detail la do Otistro thin" wed repot,
Thtfae Nem asks --A Vest of Deftleaht Pinitipades," INS.

Y-ii=414, AL



which will discourage over-capitalization and overbuilding of vessels

for harvesting limited resources; and assisting the States to improve
their management capabilities in the interest of more efficient harvest-

ing operations;
.

(2) Expand production opportunities by devCoping harvesting and
processing technology which will help bring new resources into pro-
duction; providing fish protein concentrate (FPO) technology for de-
viloping a self sustaining FPO industry which will provide a market
for underutilized fish; and assisting industry to develop techniques and
procedures for economic aquaculture operations; and

(3) Improve catches (and thus reduce per unit puts) by developing
techniques and means to preserve the critical estuarine areas as com-
mercial fishery resources; and securing a preferred position for U.S.
fishing vessels in international waters adjacent to U.S. coasts.

Fhlsosy paaelepenent and Sauteed Technology Programa

Doting 1969, the Bureau of CornMercial Fisheries undertook to strengthen
the domestic fishing industry through the following major activities:

International Mertes off she US. coast

Georges Bank Orosindfuh
I. Submitted convincing evidence of the seriously over-exploited condi-

tion of the haddock resource which resulted In the international Convention
for Northwest Atlantic Fisheries setting drastically reduced limits on had-
dock catches in this area. '. -;

2. Inaugurated a program to encourage U.S. vessels to catch pollock as
an alternate to the reduced catches of haddock,

3. Demonstrated the use of high-opening bottom trawh to increase the
efficiency of pollock fishing.

4. Developed and distribUted a report In atlas form showing the areas
of Nstoric poflock concentrations on the New England grounds.

Mid& Masi& Bight grovel fish
Developed and presented evidence of overixploitation and potentially

COtelivt Wog pressure which led to agreement from the U.S.S.R. and
Poland so limit IL ir fishing in this area. 1-41 ;..7

Rbig Crib In Smithies, Bering See
- !,

Developed evidence of overetploitationC4 king crabi U this area which
resulted in agreement of the U.S.S.R. and japan to reduce their catch quotas.

improves iisherla

1. Deter Weed an intensive tagging program that Inshore north
ern MOWS ere' netinignicey whereas cdtehent %butte *taw
eeoldetsbIe distances. knowledge will ted m. inshore management.
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2. Determined that the stocks of herring in the Gulf of Maine harvested
exclusively by U.S. fishermen are genetically distinct from those which occur
on Georges Bank harvested jointly by U.S. and foreign fishermen. The Gulf
of Maine stocks therefore can be managed separately from the offshore
stocks.

Distribution and abundance of resources

1. Secured information on the distribution and abundance of hake in the
eastern temperate Pacific through the first United States-U.S.S.R. coopera-
tive survey of hake spawning; BCF and Scripps Institution of Oceanography
participated for the United States. Research in the central Pacific also secured
Information which identified von Karmen wakes, a disturbance that results
in regular formation of eddies do,. nstream from an Wand, as the mechanism
which explains the tuna concentations in the areas where eddies cause
upwelling which brings cool enriched water to the surface and increases
productivity.

2. Developed a new ichthyoplankton sampler which has been recom-
mended for use in new international fish resource surveys off three continents.

3. Through the application of sonar technology mapped fish school
abundance and school size distribution over a 200,000 - square -mile area of
the California current region. These studies indicate the presence of 1 mil-
lion fish schools, mostly of northern anchovy.

4. Developed a remote underwater fishery assessment system (RUFAS)
which was used in the scallop resource assessment.

5. Continued to survey the calico scallop resource off the east coast of
Florida and assist in developing this fishery.

Assistance to the pAing industry

1. Devised a new chemical process for recovering additional marketable
byproducts from shellfish processing waste.

2. Increased the oyster shucking rate by use of microwave energy to assist
in opening the shell, without affecting the quality of the product.

S. Cooperated with the industry in developing a fast-sinking purse seine
for tuna which gives increased catch rates over conventional sebum

4. Promoted the expansion of domestic and foreign markets for Alaskan
fishery products.

S. Conducted research on diseases of marine organisms to help develop
control measures which (1) identified a new protosoan pathogen in blue
as* (2) led to a screening program to insure imp station of healthy seed
oysters from the Orient; and (9) worked out the life cycle on the MSX
organism, MintAinio Retold, an oyster destroying parasite.

The Sworn of Commercial Fisheries is conducting experimental work
In Aquaculture at several of its laboratories. The application of aquaculture
techniques for rearing some types of aquatic animals under controlled con
dittoes has produced large per acre protein yields. "lb make the potential
of aquaculture requites advancing scientific knowledge and developing
technology 10 penult produttioe at competitive toots. 119P h conducting re-
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search on oyster culture techniques, selective breeding, nutrition and diseases;
on shrimp pond raising and nutrition; and on hatchery raising of lobsters,
including their growth and its requirements.

In addition to its marine science programs, the Bureau of Commercial
Fisheries administers three grant-in-aid programs to States. The State
grant-in-aid programs are intended for research and development which
will provide the bash for more effective management of fishery resources.

The Bureau also provides data and technical support for significant inter-
national fisheries programs in which the United States participates. Details
of these programs are discussed in chapter XIII.

The Bureau of Commercial Fisheries $46.8 million FY 1971 marine science
budget is allotted as follows

(1) 55 percent for resource development and management programs;
(2) 8 percent for processing and marketing programs;
(3) 11 percent for advanced technology programs;
(4) 2 percent for economic reseanh programs;
(5) 23 percent for financial assistance and grant-in-aid programs;

(6) 1 percent for data and technical support for international
fisheries programs.

Constant Support by Other Agendas

The Atornic Energy Commission supports advanced investigations related
to the presence of radio nuclides from atmospheric fallout in the ocean, their
Interactions with organisms, and the use of tracers in oceanic research. The
AEO also is supporting publication of a book on bloenvironmental studies
of the Columbia River Estuary and the adjacent ocean region.

The Food and Drug Administration's responsiinty has been broadened
under the shellfish sanitation program, a Federsi-State-industry program
designed to insure safe consarrption of shellfish such as clams, civets and
musses, shipped in interstate imamate. The program includes surveying
water quality, evaluating stnitadon facilides of pickers and shippen, and
reviewing State control programs. The FDA also is undertaking research on
botulism In fishery products, armed salmon standards of Identity and quality,
nitrites in smoked fish, and teas from fah. The Department of Health,
Education, and Welfare's Environmental Gootrol Administration conducts
studies of the mune of viral pollutants in 'evades, their accumuladon by
shellfish, and purification mass effectivenes.in removing these viruses
from shellfish. 4

During 1969, the actminbtra' proposed a bill to strengthen and
Prove COMM! proteedon undet the Federal Food, Dtug, and Cosmetic
Act with respect to fish and fishery products thrm0 mandatory Clettifidta
don coupled with continuous, effective surveillarres and continuous
inspection. -.3. ;

The Depattment of AttkUltUrell Sod Content don Savka ptvildes tech,.
Meal anima* to tanners and rondos In mil commands districts to help
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in developing aquaculture, primarily of catfish and to some extent of trout.
The program seeks to assist in conserving and developing water resources by
using the resources for food and recreation.

The Smithsonian Institution provides essential, fundamental information
on the kinds of fishery organisms being sampled, produces monographs and
guides to the identity of harvested organisms and those serving as food for
commercial species, provides information on the populations and distribu-
tion of species which might have commercial importance or which are
parasites and predators on useful species, and provides a sorting service for
bulk samples of marine species.

The National Science Foundation furnishes basic scientific research sup-
port In biological oceanography and marine biology for investigations related
to marine organisms. Through the Sea Grant Program it supports graduate,
undergraduate and institutional investigations on aquaculture, fisheries and
drugs and extracts from the searelated in greater detail in chapter VII.

The Coast Guard participates In enforcement of international fishery
arrangements. The Navy makes its fleet thermal structure forecasts, gathered
to determine underwater sound propagation, available to BOP for fish
location forecasts. Sea-life distribution is affected by water temperature, and
the Navy thermal profiles, provided at no cost to BOP through a cooperative
arrangement, have proved useful to fishermen in locatill fish. In addition
to meeting national security objectives the Navy's marine biology research
program also contributes to informatiori on seafood.

Fad From the Ilea In the War on Hunger

Recognizing that food from the sea offers considerable promise in meet-
ing a portion of the world's protein deficiency, the United States embarked
in 1967 on a new food-front-the-sea program with the Agency for Inter-
national Development (AID) assuming lead agency responsibility. The
Marine Sciences Council gave high priority to the program, the initial
objectives of which included development of commercial processing for
producing fish protein concentrate (PPO) . The program is intended to

c'
(1) Determine the potential market for FPO in selected developing

otuttrks;
(2) Seek to establish a viable commercial FPO system suitable for

use in protein-deficient developing countries; and
(3 ) Encourage other nations and private interests to establish 00M

fishing Industries in the developing countries.

During 1969 the Marine Sciences bound' acted to insure a long-term basis
for the program by supporting AID's initiatives to continue acceptability test-
ing and analysis of the feasibility for use of various available FPO production
prtxxnes in lees developed countries, sad strengthening the bre of univenity
*clinked support in the United States and abroad. It also encouraged EGIF
efforts to develop a prototype process for fatty fish, construct an FPO



demonstration plant in the State of Washington, and carry out biological
extraction research. Public Law 90-549 authorized the contract for design,
construction and operation of a 50-ton-per-day plant at Aberdeen, Wash., to
demonstrate the feasibility of large-scale FPC processes at lower costs and
to provide engineering and economic data to assist private industry in con-
struction of commercial plants. The Council also approved initiatives for a
multiagency effort to Investigate the potential of FPC in combatting malnutri-
tion in the United States within the framework of the broad program an-
nounced by the President in May 1969 (see table VI-1).

Also during the year the Council contracted with the Massachusetts Insti-
tute of Technology for a study of "The Economics of Fish Protein Concen-
trate" which would compare FPC with other protein additives for domestic
and foreign use.

The Agency for International Development conducted preliminary sur-
veys of the opportunities for developing FPC capabilities in a number of
Latin American, Asian, and African nations. As a result of these surveys,
intensive studies were initiated on a bilateral basis in Chile and Korea in
1968, and a study of Morocco is expected to begin in mid-1970. The elm-
phasis of the Korean study was altered when it became apparent that
Kona lacked an inexpensive source of fish for economical FPC production.
Although construction of an FPC plant in Korea is not now contemplated,
the study showed that FPC was the best source of protein there from a
cost-protein-effectiveness viewpoint.

The Chilean study will continue through fiscal year 1970, and will assist
potential investors in determining the commercial attractiveness of FPC
investment in that country. The Chilean study includes

(1) Market analysis, including identification of factors contributing
to dietary patterns, determination of opportunities for encouraging con-

'4 sumer acceptability of FPC, and introduction of FPC into Govern-
ment feeding ivograms;

(2) Produit development and testing to detennine the suitability of
FPC in fortifying local foods such as flour, bread, and pasta; and
.3--; (3) Supply analysis to determine availability of an adequate supply
of inexpensive underutilized fish stocks.

In 1968 AID contracted to purchase approximately 1,000 tons of FPC
for use in overseas feeding programs. In late 1969 AID partially terminated
the contract for failure to' deliver 'an acceptable product.

AID has accepted delivery of 99 tons of FPC and will accept FPC pro-
duced before' the contract was terminated provided the product meets
contract specificatiOns. The limited quantity obtained will be allocated so as
to obtain data on product development, acceptance, and stability. An inter-

, disciplinary ,team from the University of California is assisting AID in this
evaluation: Future FPC purchases will depend upon the findings' of this
evaluation and the ability of the manufacturer to, produce acceptable FPC.



Table VI-1Food From the Soo In the War on Hunger
lOblipitIons in thousands of dollars)

Actual Estimated
FY 1960 F Y

Bureau of Commercial Fisheries (BCF):
Research and development 2,242 2, 292
Demonstration plant

BCF subtotal

Agency for International Development (AID):
FPO purchase and impleMentation
Pilot plants
FPO market feasibility study

Stsbtotal FPO

312 1,388

2,5M 3,680

72

0

52
8

241

72 301

Fishery surveys 10 4
Center of competence 750 0
Direct fish production 704 704
General technical assistance I 704 704
Fish culture 293 0

Subtotal, other items

AID subtotal

Total food from sea

2, 317 1, 615

2,389 1,916

4, 943 5, 596

Moistly United Nations Development Pleogram

Under an AID program to further the development of university exper-
t tise in the economics of international fisheries, a fisheries "center of compe-

tence" has been instituted at the University of Rhode Island. AID has
granted $750,000 over a 5-year period to assist that university in undertaking
an inter-disciplinary curricula for both U.S. and foreign students to focus
upon the development of world fisheries, with particular emphasis on the
socioeconomics of fisheries development. . - z ,

In fiscal year 1971 AID plans fishery programs in the amount of $2.6
million 4, v

In developing FPC technology during 1969, the following accomplish-
ments highlighted the program. The Bureau of Commercial Fisheries..

ixt

- .

, (1) Completed predesign research, process, and plant design, and
p, commenced site preparation for a 50-ton-per-day FPC demonstration

as
plant at Aberdeen Wash., described, above. In fiscal year 1971, the
plant is expected to be completed. It will commence experimental
production using Pacific hake;

(2) Prepared samples of FPC from a number of species of lean and
fatty fish to obtain information needed for process modification, and
to provide sample material for testing and nutritional evaluation;

r 4 tr-1,,
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Through the application of science and technology, fishing vessels are equipped with
the latest processing equipment. The 297-loot, 3,120-ton freezer stern trawler Sea-
freeze Atlantic, shown above, like its sister skip Seafreeze Pacific, was built with
U.S. Government assistance. They are among the largest fishing vessels constructed
for operation under the US. flag.

(3) Submitted a petition to the Food and Drug Administration to
increase the variety of fish species which may be used for making FPC.
The petition covers most species off U.S. coasts which are suitable for
making FPC, 4

(4) Completed governmental and nongovernmental studies which
provided the design basis for a distillation system for economical re-
covery of the solvent (isopropyl alcohol) used in the FPC extraction
process; /

(5) Commenced study of systems for making FPC by different
processes such as through biological extraction which will lower
processing cost and provide valuable functional properties to increase
the product's range of application; and "

(6) Initiated contract studies to estimate capital and operating costs
for various FPC processes and the potential markets in the United
States for different forms of FPC.

To supply industry with information on practicable FPC manufacturing
methods which could use a large portion of our unused marine resources,
the Bureau of Commercial Fisheries will continue FPC research involving
approximately $2.2 million in fiscal year 1971. The program will continue to
seek to provide knowledge for a sound and systematic transition from



laboratory research to an economical and acceptable food production system
from fish harvest to consumption.

Internaticoal Interest in FPC processing is developing. Processing plants
are operating in Sweden and planned for Canada. The French are develop-
ing an enzyme process, and research FPC activities are being conducted in
Brazil, Germany, Morocco, Pakistan, and Peru. During 1969, Swedish and
U.S. sources sent FPC to Nigeria as a food additive in small scale experi-
mental feeding programs.

The Industry's Future

A healthy fishing industry can make a contribution to the economy and
to providing needed food resources. Attaining a competitive fishing in-
dustry will require a multiple attack on the industry's problems involving
scientific research to improve understanding of the resources, exploration
to ascertain quantities and location, technology for better harvesting and
processing, uniform State, Federal and international guidelines for con-
servation and management, improved marketing, and better management
practices by the industry itself.

wY
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Chapter VII
ADVANCING THE SEA GRANT PROGRAM

During the coming decade, our ability to develop marine resources and
wisely manage the marine environment will depend upon the availability of
trained manpower, facilities, and equipment to conduct programs of creative
research in the fields of marine science, engineering, and related disciplines.
With a view to meeting these requirements, the Congress in October of
1966 passed Public Law 89-688, the National Sea Grant College and Pro-
gram Act of 1966 (app. B-3). It was the intent of the Act to provide a broad
and flexible mechanism with which to stimulate human endeavors in fields
oriented toward: development and utilization of the physical, chemical, and
biological resources of the marine environment; legal, economic, medical,
and sociological aspects of resource management, use, and conservation;
oceanography in its broadest sense; and marine commerce and engineering.

Statutory responsibility for administering the Sea Grant Program was given
to the National Science Foundation and included (1) establishment of edu-
cational and training programs at colleges and universities, marine institutes
and other public and private agencies in the various fields of marine re-
source development; (2) initiation and support of research programs in those
fields, with particular emphasis on applied research; and (3) encourage-
ment and sponsorship of marine-oriented extension and advisory services.

The Structure of the Program

Provisions of the enabling legislation, which calls for Federal support of
both "Sea Grant colleges" and "Sea. Grant programs," have resulted in the
establishment by the National Science Foundation of two major operational
program elements: the "Institutional support program" and the "Project
support program" -

Sea Grant institutional support is provided to institutions which plan and
operate broad-based, multidisciplinary marine resources programs that in-
clude 'research, education, and advisory servicesand which draw on the
talents of economists, sociologists, political scientists, lawyers and educators
as well as natural scientists and engineers. The institutions selected are ex-
petted to develop strong liaison with State and local governments and
thereby provide leadership and scientific and technological resources for
r 'inc activities within their regions.

..lea Grant project support is available to qualified investigators for a
single, well-defined research, study, design, education, advisory service, or
training activity consistent with board Sea Grant objectives, and which in-

'This chapter is in compliance with Public Law 89-688, sec. 205, which requires
an annual report to the Congress by tLe Marine Sciences Council on its advisory
activities and recommendations, as as:igned under *it section, with respect to Sea
Grant policies, procedures, and operations.

9
Under the Texas ACM! Sea Grant, university scientists
investigate the cultivation of shrimp under controlled
environmental conditions.
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volves any of the natural or social sciences. While only major universities
or combinations of universities qualify for institutional support under the
Foundation's criteria, any institution, laboratory, or public or private agency
may qualify for project support. The principal purpose of Sea Grant project
support is to enlist specific competence wherever it is found, In Inland insti-
tutions as well as In those with access to salt water or the Great Lakes.

A third program, the coherent project support program, is a middle-
ground hybrid of the other two. It is multidisciplinary in scope, composed
of several subprojects directed to a crlr.mon objective or related to a com-
mon theme, and provides means for ( 1 ) encouraging institutions with a
strong core of marine competence and growth potential to work toward Sea
Grant institutional status; and (2) bringing into the Sea Grant Program in-
stitutions with high quality but specialized competence which do not meet
the criteria for institutional support. In the case of all three programs, Fed-
eral support is limited to two-thirds of the total cost, and certain restrictions,
especially on capital investment for ships and laboratories, are imposed.

Program Planning and Policy Doielopment
To implement the Sea Grant Act at the working level, the National

Science Foundation created an Office of Sea Grant Programs. Assisting this
Office are two nongovernmental, technical advisory panels. Some 50
specialists, representing a cross section of marine interests and institutions,
participate in a Proposal Review Panel for Sea Grant Projects operating
through task teams which review individual proposals. In addition, 12
eminent representatives from academia and industry serve on the Sea Grant
Institutional Support Panel and, by virtue of their broad competence, are
called upon to provide general program guidance to the Foundation.

Maximizing opportunities and benefits from a program as broad and as
flexible as Sea Grant requires that it be sensitive, and continually attuned
to evolving national needs. This, in turn, requires the existence of explicit
policies and operating guidelines for impleinenting and conducting the pro-
gram. The Sea Grant Act provides for this by directing the Marine Sciences
Council to advise the Foundation with respect to program policies and oper.s-
tions--and, further, to submit an annual status report to the Congr-ss.
Under procedures agreed to by the Foundation and Council, policy state-

-. meats and position papers are developed by the NSF and transmitted to the
Council for review, advice and comment. The Council's consultant panels
and its Committee for Policy Review act as reviewing bodies, with the latter
also serving as a mechanism for obtaining formal departmental and agency
concurrences and advice. After' agreement is reached between the Council
and the Foundation, the final step before implementation is to solicit the ap-
proval of the NSF'S National Science Board.

Since the beginning of the program, a number of provisional policies
and general guidelines have been developed under this arrangement and
published in docrunents prepared both by the Foundation 1 and the Council'

National Sea Grant ProgramSuggestions for Submission of Proposals; Nadonal
Merge Foundation, September 1967, - ' '""
; I First, second and 'third annual reports, prepared by the Marine Sciences Counciland transmitted by the President to Congress, on "Marine Science Affairs," February
1967, March 1968 and January 1969. t 4 .
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These cover, among others, criteria for determining institutional and
project awards including geographic distribution and cost-sharing respon-
sibilities of the grantees; program priorities; and the roles of industry and
State and local governments.

On the basis of 2 years of operating experience, the National Science
Foundation staff has been able to evaluate the Sea Grant Program's pro-
visional policies and develop a coherent body of doctrine which was endorsed
last November by the Marine Sciences Council's Committee for Policy
Review. Elements of this include the following:

1. Support under the institutional and coherent project programs re-
quires institutions to utilize a multidisciplinary approach in the conduct of
funded activities which involve all appropriate disciplines and specialties.

2. All Sea Grantees will be encouraged and aided to enlist the cooperation
of all relevant institutions in the conduct of supported activities including
business and industry, other educational or research institutions, Federal
laboratories and offices, and State and local agencies.

3. High priority will be given to support of research, education, and ad-
visory services in areas of national priority as established by the Marine
Sciences Council, with particular emphasis at this time on problems and
opportunities of the coastal zone. .

4. Participation by consortia of institutions will be encouraged where
Such consortia can make a greater contribution to Sea Grant objectives
than a single institution in the same geographical area

5. As a general rule, low priority will be assigned to research projects in
marine resource fields where adequate coverage and financing from other
sources exist (*e.g., natural gas and petroleum exploration and recovery).

6. With respect to education and training programs, Sea Grant emphasis
will be placed on curriculum and course improvement and development for
ocean engineers at the baccalaureate and graduate levels; on development
of degree programs and course options in marine affairs for social scientists,
lawyers, business administrators and managers at the graduate level; and
on curriculum improvement and course development at the technician level.

7. The Sea Grant Program will not support educational curriculum or
course development in the basic natural or social sciences

8. Education or training activities will not be supported in a given institu-
tion after they are self-sustainint or are included in the regular budget

9." Basic research will be supported in areas where such research is a
requirenien't for the solution of a defined and pressing problem and where
early application of results seems likely; research by social scientists will be
encouraged. .

10. "Open-ended" studies will not be funded; studies must be programed
with Milestones and terminal date&

II. Inirolvement of industry will be encouraged, particularly through
the devi loprnent of industry-university consortia and joint work/study
programs for engineering and technician students. ,

12. Support for advisory services, including publications, seminars, con-
ferences, extension services, audio/visual prenntations, and any other appro-

,



priate form of information dissemination is included within both institutional
and project grants.

13. Criteria for support of baccalaureate ocean engineering and marine
technician associate degree programs include the ability of the proposing
institution to demonstrate a reasonable expectancy of placing qualified grad-
uates in jobs through correspondence with potential employers.

14. In a given fiscal year, funding preference will be accorded ongoing
institutional and coherent project grants when evaluated against new pro-
posals of approximately equal value.

15. Cooperative research projects between American institutions and
those in a neighboring country related to common resources, common waters,
or common problems can qualify for Sea Grant support.

Program Growth and Accomplishments
Sea Grant funding has grown steadily from $5 million in fiscal year 1968,

the first full year of operation, to $9.6 million in fiscal year 1970; and the
President's budget request for the coming year includes $13 million. Dur-
ing the last fiscal year, $5,991,000 was awarded by the Foundation as shown
in the following table:

Table VII-1NSF Sea Grant Program Awards, Fiscal Year 1969

Category of grant Number

Institutional support *
Project support:

Coherent projects
Education and training
Applied research
Planning

Amount

$4, 327, 100

878, 500
361, 600
377, 000
46, 800

I Includes 5 renewals.
3 litatIldIstIPIlnarY protects: Includes 2 renewals.

. .

To date, the Office of Sea Grant Programs has supported 57 project
grants and eight institutional programs. A compilation of activities underway
as of September 1969 is presented in appendix E. Sea Grant institutional sup-

, virt programs were begun in fiscal year.1968 at the Universities of Wash-
ington, Rhode Island, Hawaii, Wisconsin, Oregon State and Texas A&M;
these were joined in fiscal year 1969 by programs at the Universities of Mich-
igan and Miami. Coherent project support is being received by Humboldt
State College, Scripps Institution, Stevenson Institution, University of
Delaware, Louisiana State University, and the Virginia Institute of Marine

; Sciences. In addition, planning grants to assist in 'developing the capabilities
necessary to qualify for institutional support haVe been made to a consortium
of institutions' in North Carolina and to Florida State University.

Practical benefits from research are normally not expected for some years
after program initiation, and this is of course true for Sea Grant-sponsored

. work. However several of the 'activities funded to.date have already pro-
duced results which hold promise of an early return on investment:

-
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1. In early 1968, Investigators at Nicholls State College, Louisiana, at
tempted management of shrimp stocks in marsh impoundments. One of two
ponds was used in its natural state. In the second, most predators were
destroyed before introduction of the shrimp larvae, while blue crabsa mar-
ketable predatorwere trapped during the shrimp growth period. The man-
aged pond ultimately produced about three times the weight of shrimp
produced in the unmanaged pond, thereby demonstrating a promising tech-
nique for increasing the offshore shrimp fishery and for shrimp aquaculture.
A commercial firm already is taking advantage of this research.

2. Building on earlier studies, investigators at the University of Wisconsin
located deposits of manganese pellets in Green Bay which are similar to
deep sea manganese nodules. This discovery may have economic significance,
and research on the abundance, metal content, and refining of the pellets is in
progress.

S

3. The Hawaiian tuna fishery, which still uses traditional methods of
chumming with live bait, has suffered because the bait fisha species of
anchovycannot survive for more than 3 days in ship bait wells. How-
ever, the University of Hawaii's Institute of Marine Biology has now
developed methods of extending the storage life of bait fish up to 10 days,
and is experimenting with other local species in an attempt to find a hardier
alternative bait 1l Y

4. With available land stocks of sand and gravel being depleted or made
inaccessible by construction and zoning, the seas and lakes are being
turned to increasingly as a primary source of aggregate materials. University
of Rochester scientists have located such deposits in Lake Ontario and com-
mercial firms have applied for recovery permits.

The Sea Grant institutional support program, based on a multi-disciplinary
team approach to problem solving, made substantial gains during 1969.
At the University of Washington, economists, political scientists, and lawyers
are cooperating with physical, chemical, and biological oceanographers in
a comprehensive study of all major aspects of an embayment within Puget
Sound to determine how it may best be developed for human use while
maintaining the quality of the environment and its living resources. Texas
A&M University has begun a series of workshops to stimulate industrial,
academic, and State activity in marine resource development. Members
of the Governor's staff have joined as cosponsors. Attendance has been
excellent, and the discussions spirited and practicaL

Education and training continue to be advanced by Sea Grant institutional
programs. At the graduate level, most Sea Grant institutions developed new
courses to expand the marine-related options available to students, including
those majoring in the liberal arts and social sciences. The University of Rhode
Island instituted the Nation's first graduate program in marine affairs spe-
cifically designed for cross-disciplinary orientation of social scientists, inter-
national specialists, and adMinistrators. Five schools developed a unified
training plan for marine technicians under the University of Washington
Sea Grant, with each specialiimg in the training of a particular type of
marine technician. Texas A&M University, Oregon State, and the University
of Miami have also initiated cooperative marine technician training pro-

1r r ,9
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Marine extension agents from Oregon State University discuss an albacore bulletin
with a tuna fisherman as part of Albacore Central, a project conducted with Sea
Grant Institution support to gather and disseminate information to assist the Pacific
albacore tuna fleet identify rich fishing grounds.

grains with 2-year technical institutions and junior and community colleges
participating as partners.

In addition, advisory services to communicate results of scientific and
engineering research to prospective users have been expanded. In most in-
stances it has first proved necessary to institute training programs for exten-
sion agents before beginning information dissemination. However, Oregon
State University, building on an existing agricultural extension service, was
able almost immediately to carry out comprehensive marine advisory
activities. At the University of Rhode Island, the regional marine infonna-
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tion service was reorganized as the New England Marine Resources Informa-
tion Program which now is °pirating to encourage and strengthen marine
activities and industries in a six-State region. Under the Texas A&M Sea
Grant, university extension advisory specialists are assisting shrimp fisher-
man by conducting courses to demonstrate new methods and technology such
as the use of electric trawls.

Sea Grant project support activities in fiscal year 1969 included the addi-
tion of a new education program in ocean engineering and four programs
to train technicians. Engineers at the Massachusetts Institute of Technology
developed course materials in ocean engineering, :resulting in a series of
published notes on such subjects as ocean engineering structures; stability
and motion control of ocean vehicles; and water, air, and interface vehicles.
At Florida Atlantic University, undergraduates in ocean engineering alter-
nated 6 months of academic work with 6 months of employment by co-
operating ocean industries. Students at Cape Fear Technical Institute work-
ing aboard the institute's training ship participated in Project BOMEX.
Among the individual Sea Grant projects sponsored last year were the de-
termination of the fishery potential of the California spiny lobster; eco-
nomic feasibility of a submerged buoyant pipeline for transporting natural
gas through a deep ocean area; design of a high efficiency convective heat
transfer system for deep submergence applications; and management and
utilization of estuarine resources.
`f. Awards of coherent project support were granted to the Virginia Institute
of Marine. Science, the University of California at Santa Barbara, and
Humboldt State &liege, California, for broadly based research programs
related to marine problems in their regions. Other grants were made to the
Dade County, Fla., Board of Public Instruction and the. Washington Tech-
nical Institute for development of educational and training opportunities for
underprivileged youths.

The Next Few Years
Looking to the near future, plans for Sea Grant include strengthening

existing mechanisms for the selection and review of projects and institutions,
expanding the number of awards, and improving the dissemination of in-
formation about Sea Grant policies and activities. In addition, consideration
will be given to establishing new graduate education programs for ocean
engineers and, on an, experimental basis, fore business administration and

,f4.1 international affairs specialists to acquaint them with issues and opportunities
in marine-related fields.
'2. ESSA and NSF, will continue to assess the feasibility of establishing a co-
ordinated program, of data and information services, comparable,to ESSA's
State Climatologist Program, in order to maximize the effectiveness and
utility of seiPknfadviscrY activities. To test this concept; ESSA has Placed
air oceanographer-meteorologist,,at the University of Rhode Island to en-
courage the application of environmental data on seaLair interaction. '-

Through its accemplishments to date and those foreseen in the coming
years, the Sea Grant. Prograin is rapidly becOming the cornerstone of a vig-
orous partnership of Government and the Private sector which is mobilizing
new resources, techniques, and talent in support of national marine science

jectives.
4' .irl
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Chapter VIII

ADVANCING MAN-IN-THE-SEA

New advances in undersea technology, engineering and biomedicine con-
tinue to expand the third dimension of man's activities in the ocean. Where
in the past our knowledge of the seas was limited to surface-based observa-
tions, today we are taking steps to develop knowledge, technology, and
equipment to enable man to live and work usefully on the ocean floor for
extended periods. These advances result from new developments in saturation
diving and manned bottom habitats which free the diver from the restric-
tions of diving helmets, diving bells, and air compressors and allow him to
live and work below the surface unrestricted by surface weather effects and
the physiological problems of pressure change. Because these developments
open new opportunities for use of the ocean, Government, industry and uni-
versities are seeking individually and in concert to advance U.S. manin-the-
sea programs.

With new technology and automation why is man needed at all undersea?
The answer lies in the benefits his presence provides: advantages in his
maneuverability, compactness, gility, and flexibility; In his manipulative
'IUDs and dexterity, visual perception, °mite observation; and chiefly, in his
Integrative and de lion- making ability. The fact that these advantages conn
stitute real benefits in part accounts for the rapid and continuing expansion
of diving today.

Mounting Intent and Activity

Each year increasing public and private htvestment is devoted to manned
diving operations, with the present total figure estimated at approximately
$486 million annually. Estimated current annual U.S. expenditures in July
1969 on man-in-the-sea are contained in table VIII-1. The Nation's industry
is increasingly using diving operations, particularly the oil industry which
employs divas to install, monitor, maintain, and repair offshore oil Installs.
dons. Other conimerdal diving operations include conservation, construction,
salvage and safety. Mart-in-the-sea observations contribute to fish habit
hwestigatIon programs, study and control of fishing gear, and the develop-
mentof new fishing concepts. --. t- ;.

A number of o3mtnertial firms have significant Interests in diving. A
recent survey of some of the leading U.S. firms with significant investments
in diving Identified 12 diving ccepanies, 24 diving equipment supply
services, lour recreational diving concerns, five diving equipment fabric*.
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tors, 26 marketing firms for diving instruments and hardware and eight
diving consultant firms.

The total number of commercial divers in the United States, including
those who work part time was estimated in 1968 to be about 1,500, divided
as indicated in table VIII-2.

Table VI II-IEstimates of Current Total Annual U.S Expenditures on
Man-In-the-Sem

(In millions of dollars]
1. Science (less than)
2. Defense:

Diving training

0.5

4.5
Diver equipment 6. 8
Man-In-the-sea 7. 1
Diving operations (appro:dmately)

3. Commercial (approximately) 45.0
4. Recreation:

Personal expenditures' 350.0
Diving equipment- 22.5
Auxiliary equipment_ 25.0

Total (approximate)- 486.4
I

and $
Estimated on the basis of 1.3 million divers, 10 dins each rear, at cost of between $20

26 per dive.
Source! DMved from sta. reablIttb. National Council on Marine Resoareee and Engi-

neering Der eat, 3117 nee.

In minerals exploitation, divers make possible visual survey, maintenance
and repair, evaluation of deposits, placement of drills and cores and inspec-
tion of underwater construction. In the near future it is anticipated that
they will help to monitor, control and correct beach erosion and pollution
observing solid accumulations, determining emplaced structure effectiveness
and operating dredges. They will assist underwater construction, tunneling,
harbor level *client, installation of sewer outtalk, and aids to navigation.
They will permit greater recovery in salvage activities and disasters at sea.

Table V111-2--Cotnntee Nal Divers In the United States

t

Location treater

ESA ........ talt. twaws It et ISO
Florida ....... ............... 100
Lealslareitill 1,000
California' .. .......1.114116 Mal 250

AAAami .......... 11.1SM.& ..... two. tutMIN oft 60

TOW awlubt.ottet ..... aut .to qt. ..... S60

g teak MOOS Is number.
loalwateudigeteteringrtigAtratbaal Cases so wow

Manin-the-Sea techniques open new doors to the 'dentist. With aqua
lungs and londuratica submerged laboratories equipped with lockout
submerghles he can make mite observations of marine ecology, surveys for
geological maps, aquaculture, archeology, studies ot human acia ity
and a wide range of specific scientific htvestigadoen in marina . At
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Recreational diving it but becoming s major marina activity. Approximately 2 million
scuba diver, are active, with between 50,000 and 100,000 new divers beginning each
year; sloth to provide adequate diver safety standard, are increasingly important.

Scripps Institution of Oceanography alone, there are more than 100
qualified divers carrying out 4,000 to 5,000 dives each year.

Recreational diving is Increasing rapidly. About 2 million active scuba
divers in the United*States invest $40 to $50 million annually In equipment
and consi4embly more in the sport itself. Each year between 50,000 and
100,000 people begin scuba diving. There are 1,800 diving clubs and national
societies in the Nation with an average of 20 active members per dub. The
great majority of recreational scuba diven are not affiliated with dubs.

Growing Interest and activity In the private sector of the United States has
been reflected in programs of Federal agendes. The Department of the
Interior has a growing need for maninthetea capabilities for fisheries
research, marine geology studies, environmental qtrality and pollution
control investigations and recreation. The Coast Guard has an increase
In* important role to play in Its marine safety program and search and
rescue activities. The National Aeronautics and Space Administration Is
Interested in learning about group behavior and effectiveness in small halls!.
tats and hostile environments. The Department of Health, Education, and
Welfare has interest in the biomedical aspects of underseas activities from
both research and clinical viewpoints. -

Defense requirements for diving systems capability have increased. They
involve submarine rescue, salvage and object recovery, Continental Shelf
00fUttliCtiOtt programs, amphibious and warfare and harbor defense.
The total number of trained divers in the Nair Is about 3,000; mote are
needed. Navy programs related to maninthe.sea activities ate discussed
additionally in chapter XII. ,

backed diving activity and interest has not been confined to the United
States. One of the most active and advanced programs is that of France.
Now incorporated into the operations of France's National Center for the
Exploitation of the Oceans (CNEXO), the French program calls for con-
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struction of large hyperbaric chamber facilities for research, development
and training, and use by Government, university and industry. The suc-
cessful French series of Cowbell experiments has placed aquanauts at a
depth of 330 feet for 21 days; these experiments are continuing and a mobile
habitat is under construction.

The Soviet manned-diver habitat program began in 1965; to date some
seven structures have been placed in shallow water. The German Govern-
ment experimented with a new bottom habitat to conduct biological
studies last summer off the island of Heligoland in the North Sea. The British
and Germans are constructing shallow water habitats; the Canadians have
begun tests in a habitat at 50 feet in Lake Erie, and the Czechs, Bulgarians,
Poles, East Germans and Cubans have all experimented with modest habitats
in sl.allow water.

Developing Advanced Diving Techniques

Advances in diving techniques over the past two decades have freed divers
from the restrictions of tethers and have increased working depths. This is
largely the result of the self-contained underwater breathing apparatus
(scuba) and the use of helium and oxygen breathing atmospheres. Advances
in saturation diving and employment of habitats provide a pressurized at-
mosphere at working depths. And, hatch access to and from the habitat
permits divtrs to live and work In comparative comfort and safety without
the need for repeated decompressions.

One of these techniques is the development of submersibles with lockout
capabilities which permit delivery of a diver to a site of interest where
he can sortie into the ocean environment when and if desired. At present
three commercial subrners%les possess lockout capabilitythe Deep Diver,
the Roughneck, and the Shelf Diver. The submersible Ben Franklin, which
this year completed a 1,500-mile Gulf Stream drift, described in chapter IX,
will receive lockout modifications.

Another technique being used to provide extended work time at depth
involves the use of saturated diving techniques, but without the support-
ing facility of an underwater habitat, in this operation, divers remain pres.
nuked to their working depths for long periods and decompress only after
completing multiple-dive objectives. They are raised and lowered from the
surface in a pressurised personnel transfer capsule, and while on the surface
are housed in a compression chamber at working pressure. Con.
menial systems exist, for example, such as that used Industry for ma
cessful oil rig salvage in the Gulf of Mexico. By 1972, e Navy will have
three systems in -i

The advanced diving techniques were envisaged by the Navy in 1037,
and inoorporated In a haul under the this "Man Inn the Sea"
In 1061. The peogrun has two Web expesiments which placed
ttao habAkil at 200 feet, with aquanauts living for about 2 weeks at am.
bleat pressure. Presently, Staab 111 is designed to extend the capability
to 630 feet. Structured in four phases, the program will use a habitat in
one phase to continue development of deep submergence capabilities to
meet defense needs.
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While one Sea lab diver remained underwater for 45 days, the Nation's
longest duration man-in-the-sea experiment was Project Tektite I. A joint
project, Tektite was n.anaged by the Navy with Department of the Interior
NASA and industrial support at a cost of $4.5 million. Tektite I placed
four Department of the Interior marine scientists on the ocean bottom at
a depth of 50 feet for a record-breaking 60-day period. The project took
place at Lameshur Bay, off St. John Island, in the Virgin Islands National
Park during February, March, and April 1969.

The white Tektite habitat consists of two cylindrical steel tanks 18 feet
high containing two rooms each. The tanks are connected by a crawl-way
and mounted on a rectangular base structure which is anchored to the ocean
floor. An umbilical connection of hoses and cables for fresh water, air,
electric power, and communications links the habitat to a surface-support
barge.

The project's major objective was to demonstrate the ability of scientists
to perform research under saturation diving condition, for extended periods.
'ibis objective was achieved and the resulting data on man's behavior,
efficiency, and biomedical responses in confined and Isolated conditions will
be useful for continuing experiments in man -In- the -sea. Tektite I proved
that man can remain in good physical and physiological health working
for prolonged periods underwater.

It also demonstrated the value of studying the ocean environment while
living in it. The Tektite scientists conducted a variety of observations and
experiments on reef geology and marine life. The bottom sediment studies
may assist in the search for oceanic minerals. Investigations of lobster ecology,
plankton studies and other biological studies may prove Important to
fish farming and aquaculture. A research project was undertaken on the spiny
lobster, whose don has declined recently.-r #3.11 t,

4

Crew Clittf Wad A. an MOM ft* a Ant trawls thuds,
PO-Asst himpisika nsittalii a tweak sin &load she Hitt'

arise. Prokti Tethli 1. r ti
NM'
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Tektite I was intended to establish guidance for future submerged labora-
tory projects. It established baselines for prolonged exposure at 50 feet for
2 months and set the stage for deeper dives of longer duration. Plans have
been announced for a follow-on project, Tektit'e II, in the spring of 1970.
Led by the Department of the Interior, a number of Federal agencies,
universities, and the Government of the Virgin Islands will take part in the
project. In this experiment the Tektite habitat will be resubmerged at
the same depth and location for 7 months. During this period approximately
62 marine scientists and engineers, including some from other countries, will
work in small teams for 2- to 4-week periods underwater. Direct costs of
Tektite II for fiscal years 1970 and 1971 are estimated at $1.1 million.

Tektite H experithents will be conducted at greater depths and for longer
durations than its predecessor project. The Tektite habitat will be augmented
by a smaller, two-man dwelling anchored nearby at a depth of 100 feet.

Solving Crucial Problems

The problems of living and working beneath the ocean's sw face are
formidable; they are primarily the biomedical problems related to survival
and technological problems associated with the design and operation of
facilities for working underwater.

The biomedical problems stem directly from the wet, cold, dark and high
pressure environment. The severe and potentially disabling or lethal physio-
logical changes which occur during diving have prompted the search for
practical solutions and are the stimulus for much of the basic research. Per-
haps the most significant of these problems today is decompression sickness,
caused by the release of gas from the tissues, in which gas has dissolved at
the hyperbaric pressure of the dive. This release happens if ascent occurs
more quickly than the rates at which gas will leave all body tissues and
remain in solution. Practically, the decompression time of many days re-
quired for dives to 1,000 feet severely limits the economic value of diving to
such depths.

Other severe diving problems are oxygen toxicity, carbon dioxide buildup
in the lungs, inert gas narcosis and work limitation caused by increased gas
dens4 Cold water chilling may be severe. Visibility and orientation may be
poor in murky water, Speech becomes unintelligible when divers breathe
helium/oxygen gas mixtures at high pressure. Failures of equipment or other
emergencies can be fatal. Long -term problems relate to composition and
palatability of food, psychological effects during isolation, and crowding in
small spaces.

Conducting Weded %North

*CUrient ithowlennd re.eatch in man; of thew areas is still limited.
in the put 3 or 4 years, them has been a room rapid growth in the study 01
underwater physiology and medicine and of man-in-the-sea development as
a whole. Most of the support and effort in thb field has come and continues
to come front the Navy. In addition to the Navy's program, focal points of
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biomedical research have been at productive undersea research centers at
the University of Pennsylvania at Philadelphia and at the State University of
New York at Buffalo. The hyperbaric center at Duke University is the site of
joint and continuing Duke-U.S. Navy saturated diving experiments.

Other research centers have been established as follows: a hyperbaric
facility at the Virginia Mason Research Center, Seattle, Wash.; the Wrights-
ville Marine Biological Laboratory, Wrightsville Beach, N.C.; and the
Marine Biomedical Institute at Galveston, Tex. The Undersea Medical
Society was formed in 1967 and is now active with over 450 members.

The main focus of the Navy's effort in the biomedical area is in its ocean
engineering programs. It consists of efforts in the man-in-the-sea project and
the biomedical programs of the Bureau of Medicine and Surgery and the
Offico of Naval Research.

The biomedical and life science programs are directed toward main-
taining the diver as an effective functional unit in the stressful environment
of modem naval operations. Experimental dives in chambers and at sea
have been made beyond the 1,000-foot level. It appears that divers will be
able to perform useful work at depths of 1,000 feet and somewhat beyond
provided the technology and diving equipment are sufficiently developed
to maintain them for the long durations required for compression and decom-
pression and so long as improvements are made in communications, thermal
balance, guidance, and navigation. Diving much deeper than 1,200 feet
will certainly be. achieved, but the depth and rate will depend upon the
support available for needed basic and applied technological and biomedical
research. One possible solutionthough a radical onemay be liquid
breathing. - -

The principal laboratories participating in the program are the Naval
Medical Research Institute, the Navy Submarine Medical Research Labor*
tory and the Ex rimental Diving Unit. The Navy Medical Research Insti-
tute program is devoted to undersea hiontedical research and invesilgs dons
of decompression sickness, inert and other gas physiology, hyperbark big
chemistry, thermal problems, microbiology and toxicology, psychology, and
bloPhYstes

'Me Subntirine Medical Research Laboratory is investigating submarine
escape, diving physiology, crew selection and performance and hearing and
vision. The Experimental Diving Unit tests both new diving techniques and
equipment, and provides decompression chambers with a 1,000-foot wet
and dry depth capability.

In the civil sector of the marinthe.sea program, the University of Penn-
sylvania Institute of Environmental Medicine has conducted many of the
studies on which current knowledge of the physiology of diving is based.
it has also trained naval scientists engaged in undersea medical research.
The State University of New York hu been the kader in unraveling the
fundamental mechanisms of respiration in the hypabaric environment.

tkovloples Waled Supped Sydow

In the past, advances to physiological knowledge Lid technological de.
velcpment have often alternated in allowing mall to go further and deeper
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into the sea. Today, diving performance at depth is partly limited by the
lack of advanced diving equipment, including life support systems.

In the Navy, such research and development is carried out under the
ocean engineering program, and includes the development of equipment
for navigation, communications and control, swimmer and diver support,
and life support and protection and life support equipment. Total expendi-
tures under this program were $4.5 million in fiscal year 1967, $4.0 million
in fiscal year 1968, and $6.8 million in fiscal year 1969. The majority of the
Navy diver support development work is carried out at three laboratories:
The Naval Ship Research and Development Laboratory at Panama City,
Fla., which emphasizes man-machine relationship, diver guidance and navi-
gation, underwater transportation systems and techniques for improve-
ment of underwater vision; the Navy Undersea Research and Development
Center, San Diego, which concentrates on communication equipment and
onsite testing of saturated diving systems; and the Naval Civil Engineering
Laboratory, Port Hueneme, which develops diver tools and construction
equipment.

The simulation of the undersea environment is carried out in hyperbaric
chambers, some of which are large complexes costing millions of dollars.
Hyperbaric chambers are used for clinical medical studies, physiological re-
search, operations and equipment experiments, and for operational military
and industrial purposes.

In the industrial field, larger chambers are used for training, for research
and for equipment development. Smaller chambers, used for training and
treatment of stricken divers, number over 100. A listing of hyperbaric
facilities and locations is given in appendix F.

The Navy plans to construct three hyperbaric chambers with dry and
wet capability and 2,000-foot operation depths. Construction will begin
on the facility at the Navy Submarine Medical Center In fiscal year 1971.
Construction has already begun on a large unit at the Naval Ship Research
and Development Laboratory, Panama City, Fla., for equipment develop-
ment and testing and man machine studies. The third unit is planned for
use by the Naval Medical Research Institute, Bethesda, Md.

Growing Problem of Diver Safety

As the number of divers increases and their diving depths go deeper,
the need for better safety measures also grows. Sea lab III was delayed
early In 1969 because of a diver fatality, one of the regrettable prices of
progress in pioneering a hostile environment. Given the harsh conditions
under which commereW divers operate it is not surprising that the incidence
of death and sickness is high. Mortality figures among commercial divm
are estimated at between five and 50 each year. High Insurance rates as
high as $90 for every $100 of pay earned -- reflect this problem. The Marine
Technology Society is seeking to develop in association with the United
States of America Standards Institute minimum standards for commercial
diving. Hopefully, effective standards will be accepted and Implemented by
industry.
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The safety problem among amateur divers is becoming more serious. This
is particularly so because of the great growth in the number of amateur divers.
From an estimated 2 million amateur divers in 1970 the numbers are ex-
pected to rise to 5 million in 5 years and to 10 million by the end of the
decade. Many of these divers will soon be attracted to complex saturated
diving at greater depths. In 1965, the Public Health Service recorded only
86 deaths among skin and scuba divers, most due to overextended sub-
mersion and panic. While mortality figures for later years have not been
reported they are believed to be higher. In 1967, for instance, the Navy
treated 21 civilians and 46 military personnel in its decompression chambers.
Such figures indicate a need for greater concern about diving safety.

Heightening this concern is the variability of standards in training and
equipment use and maintenance. No uniform national standards exist for
levels of scuba proficiency among divers or instructors, except for those set
by various organizations such as the National Association, of Underwater
Instructors, YMCA, Boy Scouts of America, several Government laboratories,
institutes, and universities. The city of Los Angeles has found it necessary
to adopt and enforce regulations locally.

The Coast Guard is concerned with such problems because of its respon-
sibility for safety of life and property at sea. The Coast Guard is participating
in the American National Standards Institutes work in developing minimum
standards for diving safety. The Council for National Cooperation in
Aquatics is sponsoring an American National Standards Institute project to
develop minimum standards for recreational diving. Adherence would be
voluntary. In light of the growing number of divers, efforts to provide ade-
quate safety standards must be pursued diligently.

A found National Prevails

While much progress has been made in man-in-the-sea activities irr
recent years, additional steps may be needed to

( 1)' Expand exploratory oceanographic studies to assess the value
dime diving and mobile and fixed habitats;

(2) Create improved met), measures, especially for recreational
diving ;

(3) Strengthen the long-range biomedical program;
(4) Develop a coordinated program to advance technology;
(5) Entourage support for education and training of technicians,

divers, scientists, engineers and medical doctors in man -in- the -sea
activities;

(6) Coordinate institutional and group man-ht-the-sea activities;
(7) Poster cooperation and communicatke, nationally and Inter.

flatland?, for mut4a-the4ea activities; and
(8) .0onclua long rinse regard% to evaluate the elects of man on

the comes ecology and resources.
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Chapter IX

SURVEYING AND PREDICTING THE
OCEAN ENVIRONMENT

In practical daily applications of oceanic knowledge, no single factor is
more important than a solid foundation of data. The assessment and re-
covery of both living and nonliving resources can proceed effectively only
when there are adequate base maps from which to work. More efficient
sea transportation vitally depends upon portfolios of accurate nautical charts
and publications for the open ocean as well as coastal ports and waterways.
Efforts to halt pollution and improve the utilization of the coastal zone must
start from these factual baselines. International, oceanic, legal, and political
questions often require facts available only from precise rr Ips and accurate
marine data if they are to be answered. r`r 1.

addition to acquiring this comprehensive body of data, it is eveh more
important that the United States be able to extrapolate from the knowledge
Reflectto forecast oceanic phenomena in the future and to predict' reliably
what conditions will be in areas as yet unexplored. It is particularly important
that the Nation Improve Its capability to predict changes In those factors
which are time dependent. A fisnnan may be mildly interested in the past
history of the fluff Stream, but he b deeply cocxerned with where its north-
ern edge will be tomorrow, when he will be looking for the fish which
concentrate At that boundary. A naval staff can base its general plans for
wartime convoys on historical data, but the sonar operator on a destroyer
must know what the acoustic conditions will be in his local area during the
next few hours. . .

The acquisition of Information for the data base, Its handling and presenta-
tion, and its conversion into forecasts of future events, cannot proceed
independently. Research and development to improve acquisition techniques,
methods of data handling, and predictive ability are dependent upon a fuller
undentouldipg of oceanic processes. The devekpmerit team must include
.sutveyon, forecasters, and researchers working together to provide preterit
a n d potential usertyrith dine critically important buikristg blocks.

01*:7, 14440i .1
. . .mappkii, charting, and ondoly

aioyVV:

Many features of the ocean, IMAM**, vary so slowly that surveys can
be conducted and prepared wItkh will be valid for many yens. While
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Table 1X-1Potential Users of Ocean Environment Survey Data

Pote itial users of survey data

Survey observations

Temperature
Radiat ion
Tides
Currents
Turbulence
Haves
Color
Transparency
Ambient light
Ice
Density
Sound velocity
Ambient noise
Volume reverberation
Bottom acoustic loss
Meteorology
Depth
Microrellef
Sediment engineering
Surface sediments
Deep sediments
Bottom photocrophs
Heat flow
Mineral tr.;ources
Geochemistry
Subbottom reflections
Subbottom r fractions
Magnetism
Gravity
Telluric currents
Salinity..
Nutrients
Dissolved gases
Radioactivity
Pollutants
General chemistry.... ...... .

Trace elements
Plankton sampling
Nekton sampling
Benthic dredging
Experimental fishing
Fouling
Animal sounds
Bioluminescence
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much progress has been made in the areas covered by basic surveys, there are
still large sections of the ocean of which we know only the gross features.
Field acquisition of data has been concentrated in those areas of primary
concernthe coastal zone, major trade routes, potential naval operating
locations, and sites of intense research interest. In terms of badly-metric
information, less than one-fifth of the ocean bottom has been surveyed in
detail; for most other oceanographic factors, the state of knowledge is even
more sketchy. As a result, the basic maps for economic development, national
defense, and scientific research are often inadequate.

Mapping, charting, and geodesy account for approximately 13 percent
of the marine sciences budget for fiscal year 1971 (table IX -2). Many agen-
cies conduct mission- oriented surveys, with Navy and the Department of
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Commerce's Environmental Science Services Administration (ESSA) pro-
viding most of the general purpose charts. During the past year, ESSA was
assigned lead agency responsibility for mapping, charting, geodesy, and data
storage.

Table 1X-2Funding for Mapping, ChortIng,'and Geodesy

[In nililions at dollars[

A gene y
Estimated
fiscal year

Estimated
fiscal year

IWO

President's
budget

fiscal year
1571

Department of Defense 60. 7 66. 7 50. 7
Navy (59. 0) (65. 9) (49.6)
Corps of Engineers ' (0.8) (0. 8) (1.1)

Department of Commerce 18. 5 22. 3 23. 6
NASA 0. 4 0. 4 a 4

Total 79. 7 82 4 74, 7

r Charting of the Great Lakes.

Hurricane Camille's trail of devastation along Mississippi's Cull Coast left many
marks such as this beached shrimp trawler.
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The research programs supported by the Natioilal Science Foundation
and the Navy at institutions and universities produce quantities of data
which are often useful in the production of charts and atlases. Those sur-
veys which are particularly oriented to defense systems, resource develop-
ment, and other end-uses are described in detail in other chapters of this
report. Of the multipurpose surveys undertaken during 1969, the following
were of major interest:

1. ESSA continued its surveys of the U.S. coast and the deep ocean, con-
centrating its efforts off New England, North and South Carolina, Puerto
Rico, Washington, Alaska, and the Hawaiian Islands. Special attention was
given to inshore hydrographic investigations along the Atlantic and Gulf
coasts, where demands for small-craft charts are rapidly growing. Because
of extensive changes in the marine topography and possible navigational
hazards resulting from hurricane Camille, selected areas of the Gulf coast
were resurveyed and recharted. The SEAMAP project involving acquisition
of bathymetric and geophysical data continued in the northeast Pacific.

2. ESSA published seven new nautical charts and issued 487 corrected
editions. In consultation with the Department of Defense, ESSA released
several previously classified Alaskan charts for public use. A bathymetric
map, with two geophysical overlays, was published for Norton Sound, and
two other bathymetric maps were published for the California-Oregon coast.
Bath, metric maps are also being prepared for parts of the Gulf of Maine
and off -shore regions along the North Carolina coast.

3. Instrumentation to measure waves in the tsunami spectrum in the open
ocean was developed and tested by ESSA.

4. The Bureau of Commercial Fisheries continued its extensive surven and
monitoring of oceanographic conditions, concentrating its work on the East-
ern Bering Sea, Aleutian Island area, Gulf of Alaska, Hawaiian Islands
area, Eastern Pacific Ocean, the Caribbean Ocean, and the areas off Florida
and the New England coasts.

5. The Bureau of Commercial Fisheries published an oceanographic atlas
of the Pacific Ocean. Summarizing 50 years of work, it is based on 50,000
oceanographic stations and 3 million individual observations. Because of
fishery implications, it is primarily concerned with the uppermost mile
of water.

6. The Navy produced 110 new charts for general navigation, 67 special
charts for surface fleet and submarine use, over 700 corrected charts, and
numerous accessory publications. Of particular note is the Navy's production
of 87 new charts based on surveys and charts made by other countries, the
materials for which were acquired through the bilateral chart reproduction
exchange program.

7. The Navy conducted a major survey of the Pacific Trust Territories at
Palau, Ulithi, Truk, and Ponape, along with other investigations in the
Western Pacific and the Hawaiian Islands. The first third of a 3-year coastal
survey of South Korea was also carried out. Deep-ocean bathymetric and
geophysical surveys were conducted in the North Atlantic, Western Pacific,
and off both coasts of the United States collecting r..1most 500,000 miles of
bathymetry and geophysical data.
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8. The Navy's university research effort included development of a ship-
board vibrating-string gravimeter which is easily transportable, economical,
and more accurate in heavy seas than present equipment. A small ancillary
computer processes and displays data on the spot.

9. Navy and ESSA tested new high-speed hydrographic sounding bunches
with automatic digital positioning and depth recording systems. The Navy
transmitted multicolored navigational charts by high-resolution facsimile
through a satellite-linked communications network,

10. The Coast Guard continued its program of outfitting its cutters to make
them fully suitable as survey platfonns. Salinity-temperature-depth record-
ing systems are being installed, and the majority of the ships now have
hydrographic winches. Data collection continued both for specific projects
and as a routine task assigned to Coast Guard cutters.

Gulf Stream Drift Mission

Of the many ocean operations conducted during 1969, onethe Gulf
Stream drift of the submersible Ben Franklinwas of particular note be-
cause of its novel approach to a complex problem and its collaborative
achievement involving government, industry and academic participants.

On July 14, 1969, the manned submersible Ben Franklin submerged into
the Gulf Stream off West Palm Beach, Fla. For 30 days she drifted int-

1
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The Ben Franklin is seen undergoing sea trials prior to her unique month-long sub-
merged drift in the Cull Stream from Florida to Canada.
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mersed in the Gulf Stream, finally to surface south of Nova Scotia. The
submersible is owned by Grumman Aircraft Corp.; the einerlition was
carried out in cooperation with the Navy and NASA. Not only was the
project an industry-government partnership, it was also international in
flavor; in addition to the embarked U.S. personnel, the chief scientist was
Swiss, and the acoustician British.

The primary purpose of the drift mission was to demonstrate the Ben
Franklin's ability to operate and sustain the crew of six for a long period,
and to conduct oceanographic observations submerged for extended times.
The Navy's prime interest was in the instrumentation suite, while NASA's
interest stemmed from the similarity of the craft to a space station with
the resulting opportunity to study the effects of the extended period of
isolation and confinement on human beings.

From a scientific point of view, the mission provided the opportunity
for a unique kind of sampling. Scientists have long studied the ocean's
characteristics by sitting at one point and letting the water go by; the
Ben Franklin cruise, on the other hand, stayed with a body of water over
a long period of time, riding in it as it moved through the ocean, and
observing changes that took place during the period.

The Gulf Stream's speed, local turbulence, and physical and acoustic
properties were investigated through observations and recordings of almost
1 million measurements of temperature, sound velocity, and salinity along
the track. Stereophotographs of the bottom were taken at five locations,
as well as side-scan sonar imagery of the bottom, along with measurements
of the acoustic reflectivity of the ocean bottom and the volume reverberation
coefficient of the water at selected locations.

The Gulf Stream drift mission accomplished its primary objectives of sus-
tained submergence and of identifying problem areas. With only few ex-
ceptions, life support systems worked well. Carbon monoxide accumulation
and bacterial growth occasionally posed problems, but remained within ac-
ceptable limits. Various components of the suite of equipment failed at
various times, and the need for specific corrective actions was thus identified.

Federal Leadership for Environmental Predictions

The sea and the air form a closely knit physical complex, operating under
similar physical laws, in which changes in one strongly influence the actions
of the other. Much of the Nation's capability for the prediction of ocean-
ographic factors has evolved in meteorological forecasting centers and the
two activities are often co-located. Federal agency funding for programs in
support of environmental forecasts and associated observations is shown
in table IX-3.

In 1969 a Federal Planning Guide for Marine Environmental Predictions
(MAREP), which had been completed by the Council's Interagency Com-
mittee on Ocean Exploration and Environmental Services, was reviewed by
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Table IX-3Funding for Ocean Observation and Prediction

lln millions of dollars)

Agency
Estimated
fiscal year

I96

Estimated
fiscal year

President's
budget

fiscal year

Department of Defense
Na, y

12. 1
(11.8)

11. 6
(11.3)

11. 5
(11.1)

Corps of Engineers (0. 3) (0, 3) (0.4)
Department of Commerce (ESSA) 7. 0 6. 7 7. 7
Department of Transportation (Coast Guard) 11. 7 11. 0 11. 4
NASA 1.5 1.4 1.4
Atomic Energy Commission I. 4 I. 0 0. 8

Total 33. 7 31. 7 32. 8

the agencies concerned. This planning guide, which is still under study, is
an evolutionary step toward the identification of requirements and the de-
velopment of a Federal plan for providing a cohesive and effective set of en-
vironmental predictive services. MAREP addresses not only the technical
factors involvedthe physical, biological, and hydrodynamic states of the
ocean and atmospherebut also the identification of existing marine en-
vironmental prediction activities; and a preliminary statement of current
and future user requirements. Considerable study and refinement of require-
ments must take place before actual program planning can commence. The
benefits and alternative methods of satisfying high-priority requirements
must still be identified and evaluated. Nevertheless, MAREP can serve as a
basis for such activity in this important area.

The Department of Commerce was assigned lead agency responsibility
for civil marine environmental observation and prediction activities, and
submitted an implementation plan which included these major points;

1. The Department of Commerce (ESSA) would serve as lead agency
for Federal marine environmental prediction activities, excluding the De-
partment of Defense activities which involve military security or which are
of uniquely military concern.

2. The Administrator of ESSA would serve as Federal coordinator for
MAREP, with staff to be provided by the Office of the ESSA Assistant
Administrator for Environmental Systems.

3. To assist the Federal coordinator in carrying out his responsibility, an
Interagency Committee for Marine Environmental Prediction (ICMAREP)
would be established with Chairman and Executive Secretary to be pro-
vided by ESSA's Office of Environmental Systems.

4. The Federal coordinator would report to the Marine Sciences Council's
Committee for Policy Review for policy guidance, review and validation
of proposed plans, and the resolution of differences which might arise.

This plan was considered and approved by the Council's Committee for
Policy Review in December 1969.
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As noted elsewhere in this report, the President's five-point marine sciences
program places emphasis on environmental forecasting and ocean monitor-
ing programs as areas of special interest to the United States in the Inter-
national Decade of Ocean Exploration.

A cage of instruments for measuring salinity, temperature, depth and other oceano
graphic factors is lowered from the Navy's survey imp Silas Bent. Data from the
instruments are fed into the Shipboard Survey System, where they are recorded,
corrected, and displayed in a matter of minutes.

The Navy and ESSA are developing oceanographic prediction programs
with the following recent achievements:

The first ESSA Marine Forecast Center was established at Anchorage,
Alaska. It provides seafarers along the Alaskan coast with six broadcast
bulletins daily, each containing weather patterns, forecasts of waves, tern-
perature, visibility and sea ice, and warnings.

Observations of Gulf Stream meandering were tested by ESSA against
several theories about the origin of these phenomena; it appears, however,
that none of these theories is adequate, and that further basic work is needed.

During studies of the general circulation of the Gulf of Mexico, ESSA
took advantage of a rare opportunity to investigate oceanographic condi-
tions immediately before and after a hurricane passage. These observations
will contribute substantially to our knowledge of both the causes and effects
of such storms.
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BCF Fishery Oceanography Center's forecasting service completed its
ninth consecutive year of providing monthly and 15-day oceanographic
charts of environmental conditions off the west coast of the United States.

Correlation of sea surface temperature gradients with subsurface thermal
structure was undertaken by ESSA. This method has great potential value
in the use of satellite observations of sea surface temperatures to predict
subsurface thermal structures.

In 1969, the Navy extended and improved its capability in both general
and specialized environmental forecasts. Many numerical models of nature
were completed for the prediction of surface waves, ice movement, air-sea
interactions, and acoustic propagation phenomena and sonar range fore-
casts. Culminating years of research, these models appear to be sufficiently
accurate for application to practical problems, although additional vali-
dation is required. A numerical, computerized model was also developed
for prediction of sea and swell both for coastal waters and for semi-enclosed
seas. A computer-based prediction model which relates environmental data
to the growth and decay of sea ice, was tested for reliability. Perhaps of
greatest significance, a system was established for evaluation of numerical
oceanographic forecasts by naval units to provide the basis for pragmatic
refinement of models.

Data were gathered by the Navy to test a model for the generation and
propagation of internal waves, which appear to be major contributors to
motion in the deep ocean.

Developing Buoy Technology

A large part of the construction and operational costs of seagoing plat-
forms is directly related to the provisions of accommodations for operators.
Accordingly, the desirability of utilizing automatic sensing, recording and
telemetering equipment whenever feasible, thus avoiding expensive life-
support systems, is evident. While buoys and other unmanned platforms
cannot replace manned platforms in all situations, it is clear that they have
a role in the data collection program which will increase as our technology
for automated sensing improves.

The Coast Guard, as lead agency in development of data buoy technology
and determination of system requirements, worked in close collaboration
with other agencies on advanced system development during 1969. Efforts
in this program covered preparation of a long-range development plan;
initial engineering for experimental test platforms; design requirements for
prototype buoys; analysis and evaluation of sensors; and mission and benefit
analyses. The advanced development phase, as now planned, contemplates
initial deployment of experimental buoys in 1971, testing of prototype low-
capability buoys in 1972, and evaluation of improved state-of-the-art high-
capability buoys in 1973. Some noteworthy events during the past year
included

(1 ) Selection and direction of systems engineering and management
support efforts to develop a long-range program plan;

(2) Systems planning and budgetary justification, including a tenta-
tive performance requirement, a preliminary concept formulation sum-
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mary, and two engineering studies of alternative technical approaches
to meet the performance requirements;

(3) An in-depth study of optimum utilization of the six high-fre-
quency radio bands available for oceanographic use, and telemetry,
propagation reliability from potential buoy locations;

(4) Studies to refine user requirements, to investigate observational
data characteristics, to examine the natural variability of important fac-
tors in the marine environment, to compare cost-effectiveness sensi-
tivities of various mixes of observational platforms, and to examine
deployment and maintenance schedules and operational tradeoffs;

(5) Participation in the Navy North Pacific experiment, by pro-
viding ship support, and installing VHF telemery equipment for real-
time data relay via satellite;

(6) Examination in depth of the benefits obtainable for all types of
transportation from improved environmei.tal predictions; and

(7) A Scientific Advisory Committee ineeting to relate buoy capa-
bilities to the solution of major environmental research problems, and
to discuss relationships with planned national and international
programs.

Previous efforts have provided a sound base for specific project funding
of $6.5 million in fiscal year 1970 and $13.5 million in fiscal year 1971. The
current year's work is providing a start on engineering test platforms and
studies for improved platform and sensor design.

Employing Spacecraft and Aircraft

When the problems of the ocean are viewed on a global scale, it is ap-
parent that aircraft and spacecraft can serve as powerful tools which can
contribute significantly to the solution of ocean problems. From the unique
vantage points offered from the air and space, quasi-synoptic, repetitive
looks can be taken at immense geographical areas. Many technical diffi-
culties persist and them are physical limitations to a high-altitude sensor's
capabilities to look into the sea. But in the decade since earth orbital activity
began, great progress has already been made toward marine science appli-
cations of the Nation's space program. Activities in this field are reported
in the publication "United States Activities in Spacecraft Oceanography,"
prepared for the Marine Sciences Council by NASA, the Navy, ESSA, and
BCE' in 1967.

Most of the current effort is being concentrated on determining the
capabilities and limitations of remote sensors on spacecraft. The develop-
ment of sensors with optimum spectral and spatial resolution to :ample
discrete areas on the sea surface, to avoid too much "averaging" and loss of
detail, must be reconciled with the desirability of fully utilizing the unique
capability of spacecraft for broad-area coverage. The calibration of equip-
ment in use has posed a particular problem; considerable effort has been
necessary to provide "ground truth" locations over which flights can be
made, so that surface and high-altitude results can be compared. Data
handling is unusually complex, the large quantities of data acquired leading
to massive storage, transmission and processing problems. Much interpre-
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tative work is presently underway on the application of data gathered for
specific oceanic uses such as fisheries, charting, transportation, and defense.

The National Aeronautics and Space Administration as the lead agency
responsible for coordination of space sensor technology, techniques for
space oceanography, and testing of new developments, continued its activi-

, ties in these areas during 1969. The Spacecraft Oceanography Project Office,
established at the Naval Oceanographic Office under a NASA/Navy agree-
ment, continued to provide support by monitoring NASA developmental
contracts, Inducting technical symposia, and coordinating working-level
agency interests. Interagency coordination was effected through the Earth
Resources Survey Program Review Committee.

r
/4651* ;"'";
104.- .1 .?"

The effective emploIntent of new techniques, such at infrared thermal imagery is
shown in these photographs. Concenlional aerial photography (top) and infrared
thermal imagery (below) taken at midday under ideal photographic conditions. The
shoreline was not distinguishable in detailed stereoscopic study of the photograph.
However, thermal imagery of the coastline corresponds exactly to that shown in
summer photography.

Many of the problems associated with sensing the ocean from high
altitudes, and the techniques for solving them, are common to both aircraft
and satellites. Because of this commonality, many current experiments arc
being carried out from aircraft due to their greater flexibility and lower cost.
During the past year, emphasis was placed on the testing of sensors ove:
specific ocean test sites. Among the activities relating to both airborne and
satellite systems were the following:

1. Missions were flown to obtain radar scatterometry data over various sea
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conditions, using NASA and Navy aircraft. Ground truth to verify cunt
interpret the radar data was provided by laser altimeters and by forcipt
weather station ships.

2. Ocean swell measurement techniques front space photography were de.
veloped by Navy.

3. Detailed analyses of visible regions and Iiighresolution infrared image!).
front the Nimbus II satellite were completed, demonstrating the feasibility
of mapping the distribution of sea ice by these tallithim:,

4. The Navy's tests of a ruby laser for sea -ice profiling resu.ted in cmark
able resolution accuracy of 6 inches. Matched with coincide:it photograph)
the laser tests demonstrated that ice roughness and surface reflectivity offered
promising indications for use in interpreting stages of ice dev^,vment.

S. The Bureau of Commercial Fisheries demonstrated the utility of low-
light-level TV to detect bioluminescence generated by both individual and
schooling fish. Fisheries experiments were conducted using photography,
infrared radiometers, and multispectral imagery to map sea surface tent-
peratures and areas of upsselling off the Columbia River. Specoorneter sig-
natures were established for several species of fish in the Cult of Muxit

6. Multiband photography was flown over the soluirrsible /len Fran Alin to
gain information on the visibility of her hull at various depths and at sal ism

parts of the spectrum.
7. The Navy tested techniques for measuring volume reverbration tlr

scattering and random echoes of acmistir pulses in the ocean) front air r. h
ming modified ASW sonobuoys and exolosive winces of sound.
undcray to extend these techniques to the measurement of bot:o.o
amount of acoustic energy lost or dissipated when an acoustic puts
bounced off the ocean bottom). Both of tiles" factors arc of critical Or -
tance. to the new, highpmsered sonar systems, arc designed to pr,
sound either directly through the water macs, or tflect it olf the bon
this is advantageous operationally against submerge' submarine targets.

8. Aircraft expendable bath) thermographs were aSed routinely by the
Navy for synoptic and quasi-synoptic measnrement of largearea ocean
temper attire profiles.

9. A wide-range imaging spect mphonsme ter and water color spectrometer
were flown over test sites, providing data on absorption spectra for polluted
waters, mineral and fish oil slicks, chlorophyll, and vs ater mass types.

10. An interrogating, recording, and losating system was used to demon
strate continuous, reliable ocean data telemetry. Data acquired by sensors
on buoys and ships and the sea platform's position were telemetered on
inquiry to a Nimbus satellite which further telayeti them to a lanthhased
processing computer.

11. Two Navy magnetic survey literate collected almost 250,000 miles of
airborne magnetic data on worlds, ide flights.

National Oceanographic instrumentation Center

Impkincoting a decision taken by the Mari: r Sciences Ccnincil the NA.
tional OicanograpLic instrumentation Center was formally established on
February 13. 1969, with the mission: 'to act as the National focal point
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for knowledge of technology related to the testing, evaluation, and catibra
tion of sensing systems for ocean use, to enhance the quality of such systems
by the dissemination of operational results and technical information, in
order to serve the national oceanographic community,"

The Instrumentation Center is under the administrative command of the
Naval Oceanographic Office, and is guided in its policy by an advisory
board with n mbership from Federal agencies concerned, as well as ob-
servers from tin_ National Academies of Sciences and Engineering. The center
is assigned to

(I) Operate a laboratory for the evaluation of oceanographic
instruments;

(2) Generate a central proposal and specification file and disseminate
information on ongoing development efforts for oceanographic
information;

(3) Encourage the coordination of national specifications for
oceanographic instrument development;

(4) Conduct cooperative programs among Government agencies, the
academic laboratories, and the industrial comp'unity for the purpose of
compiling Government-wide requirements on instruments to support
the development of standards;

Establish the techniques and secondary reference standards by
which oceanographic instrument performance can be assessed;

(6) Perform laboratory and field testing and calibration of ocean-
ographic instruments for government, academic, and industrial interests:

(7) Collect and disseminate instrument performance and deteriora-
tion data as a means of acquiring statistically significant samples on
which to base design criteria for improved systems; and

(P) Develop ocean measurement instruments, when these instru-
ments cannot be obtained from other soaves, and equipment needed
in the testing and calibration of oceahovaphic instruments.

The National Bureau of Standards in cooperation with the instrumenta
Lion center plans to assist by providing functamcntal and transfer standards
of physical measurement, and the precise determination of physical con-
stants and imp oitant pueperties of matter and materials as they relate to
the ocean.

Daring 1969, the center performed nondestrocti tests on 25 instruments
of varying types, ranging from depth recorders to salinometers, and from
current meters to acoustic releases. As in past years, a high percentage failed
to meet manufadurres specifications. Thirteen fact sheets were issued on
equipment t:sted, to assist users in making choices, and to help manufac-
turers improw their preiducts. Subject to availability cf funds, the center
plans to increase the output of this 5,:ra ice during the coming year, and to
implement other functions of the center's charter.

Establishing Future Priorities

The seemingly simple Petivities of charting the ocean and predicting its
future actions are in fact the most massive and intractable problems which
now face marine scient:sts. At our present rate of progress, mapping the
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ESSA's Oceanographic Slat ey Ship Espioter ',OSS-01) is typical 01 the new meano
grrphic tenets being constructed. Si/1ft these ,hips arc designed specifically for their
tasks, they are more productive and efficient then the older ships they replace.

topography of the ocean bottom will involve hurdled% of shi.)exs of
work. Delineation of other static factors, includinl the asses. ',rot of tt-
sources, will irquire equally great efforts. Statistical sur-e)e f timr-
dependent variables, and the understanding of ocean processes sun., ient to
permit improvements in their prediction, arc far in the future.

Fact .1 with tasks of this magnitude, the United States neatly must take
two steps: First, *^Iine.ate what pmts of the sea are of prime interest
and therefore should be given Omity attention: and second, increase the
speed and efficiency of survey operations.

The first step will involve the assessment of resource exploration and
exploitation, transportation, recreation, pollution abatement, defense, and
other factors, not solely in the light of what is desirable, but what can be
rigorously justified ;n costs versus predictable benefits. Pam ticular attention
must be given to rrlatisr priorities of geographical areas, and the time sched-
ules invoked in surveying large portions of the ocean. The accuracy aod
density of data r.oedd must be analyred, so that all the necessary inionna-
lion is gathered without engaging in the collection of data for its own sake.

The second step will demand broad technological ads anc es, plus a prudent
use of our available resources. The Nation must not only operate its vessels
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more efficiently, and look toward improved ship types, but also take all
possible advantage of other platforms such as submersibles, buoys, aircraft,
and spacecraft. A task force recently established by do. Council's Committee
for Policy Review is currently investigating the general subject of ocean-
ographic ship utilization. It is addressing the desirability of new ship con-
struction, ship inactivations, and interagency use of existing ships, improve-
ments in management, and the preparation of a more systematic -Approach
to the efficient operations of oceanographic ships. Radical improvements of
surveying instrumentation also need to be made.

This combination of improved technology and a sharper focus on plan-
ning, will enable us to make the most productive use of our time and funds
to meet all national goals.
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Chapter X

INFORMATION MANAGEMENT

The marine sciences program. reinforced by related scientific and en-
gineering disciplines and technologies, involves numerous institutions, in-
cluding Federal &par tments and agencies, State, regional, and international
organizations, committees of the Congress, major U.S. industries, and
academic institutions. Each of these participants is involved as manager,
producer, or user of large quantities of marine-oriented information.

Because of the increased use of the ocean, with new emphasis on the
coastal zone, the requirements for data are expanding. especially in the
non-Federal arca. As larger quantities of data are collected they must be
made available to the emununity in a variety of products on a much faster
turnover rate than the present system can accommodate. Data products are
also changing in response to the Nation's broader uses of the ocean. The
potential of this information does not necessarily lie in the quantity of
material collected but in the efficient use and integration of high quality,
reliable data for whatever requirement it fulfills for the data -using
community.

Obtaining quantitative environmental data needed to support resew:,
and operations is an important funrtion of the marine science pmgram.
Atmospheric scientists have required mote than 100 years to anise at ra-
tional models of our atmosphere and its interactions with land and sea which
are useful for short-term and long-range predictions. In contrast, the marine
science community has only recently reached a point where scientific re-
search, national requirements, and technology have combined to permit a
number of practical and economically significant applications of acc umulateil
knowledge about the sea, coastal ?one and Great lakes.

The marine sciences data networks which support the Nation's present
predictive capabilities include agencies, data centers, and academic institu-
tions handling data and other forms of information on the complex physical,
chemical, biological variables which characterize the world ocean. One of
the major purposes of these networks is to supply real -time data for forr-
rzsOng purposes. However, it is actually a much broader based group of
data- and information-gathering systems. Essentially these systems consist
of elements si pp yi ng

(1 ) Environmental data for real-time and archi purposes:
(2) Nonnumeric information such as bottom photographs, core

samples, seismic profiles and biological assemblages:
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(3) Bibliographic and documentation information;
(4) Program management and budget information; and
(5) Statistical, economic and demographic information concerning

man's oceanic. activities.

The ability of a potential user to be able quickly to gather large quantities
of information for a specific area in a usable form represents one of the
most important functions of a well-managed data system. Table X-1 indi-
cates the problem faced by a data product customer in search of compre-
hensive information. Eighteen separate national and agency repositories
exist which contain 61 individual data bases overint, various aspects of
oceanographic, estuarine, and limnologic information. However, the exis-
tence particular products or a number of producing agencies does not
insure that desired, usable environmental data will be available for any
one region.

The process of sorting and integrating information from surveys, research
cruises, ral-orn ship reports, and operational information from our mer-
chant and military fleets, is continuous at Federal data repositories and
producing agencies However, synthesis of marine environmental data is
not complete and the degree to which it must be integrated has not yet
been determined. The lack of large blocks of highly correlated information
is a particular source of concern to State and local groups, since such infor-
mation is an important requirement in Weenie planning for the rational
use of marine resources, especially in coastal areas. U.S. data networks
should be flexible enough to accommodate not only specific research and
operational requirements but the increased number of users who neei
comprehensive information.

Problems associated with marine environmental data include

(1) Incomplete identificalon of the multiple purposes and technical
requirements of data collection;

1.2) Excessive delays in the "data transmission" system, especially
those between collection and availability of data to the marine com-
munity as a who/e;

(3) Inefficient data collection and handling methods:
(4) Lack of agreement on data handling procedures and standards,

which seriously limit data flow among marine science organizations;
(5) Inadequate correlation of data in space and time and fat

selective data retrieval by geographic area, depth or other criteria;
(6) Impending rapid growth in data collection volume arising from

expanded airborne, space borne, and surface collection systems with
the inevitable impact on the existing overloaded data management
system;

(7) The ever-widening gap between the actual state of marine data
management activities and the potential activities made possible by
technological developments in information handling; and

(8) Lack of a coordinated system of data management from point of
collection to ultimate use.
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Assessment of National Data Management Functions

The Nfarine Sciences Council, recognizing the need for availability of
data and data products, arranged for a comprehensive study to provide
a national data program for the marine environment. In establishing the
criteria for this study the Council recognized that as national require-
ments for use of the ocean and its resources begin to expand, new infor-
mation and products, NOliCh 1611 allow the most effective use of the ocean,
must be developed in addition to existing products. The study, completed by
the System Development C:orporation in 1969, sought to identify and
forecast data requirements, delineate a national data program and a plan
to improve coordination of existing marine data and information service
functions, and determine. cost estimates for the principal components and
alternatives.

The study, entitled "A National Data Program for the Marine Environ-
ment, "' delineates the complex interactions between user groups and the
marine sciences data network. The study, which was the second of two con-
tracted by the Council, was performed in a series of interrelated parts. These
sections, which were combined into the final report arc--

( I ) Analysis of the needs of marine data service customers:
(2) Delineation of priority marine data and products and the

analysis of selected data services;
(3) Analysis of data functions; and
(4) National marine data program tor the marine emironment.

Specifically, the study's major recommendations call for

(1) Establishment of a permanent mechanism for Federal coordina-
tion of marine data management:

(2) Substantial increase in the authority and responsibility assigned
to existing national data centers;

(3) Designation of a national ocean engineering data referral center :
(.11 Development and maintenance of a comprehensive inventory

of marine data lioklings, samples, products, and publications;
(5) Strengthening of Federal/State relationships in the acquisition

of marine data and the provision of data services;
(6) Completion of the installation of on-board data pro.recsing sys-

vms on Government oceanographic ships; and
(7) Development of new marine envimnment data products c g..

sea-air energy exchange forecasts, subsurface current forecasts, inland
lakes forecasts, water quality maps and atlases.

In its initial acceptance of the national data program study, the Cotincirs
Committee for Policy Review recognized the primaly functions of the Na-
tional Oceanographic. Data Center as one of the key elements in the data
network. The Committee recommended an expansion and strengthening of
the NODC Advisory Board membership so that it may assume the role of

' Study performed UMW (-Mind (VOM141-67 C-05591 for the NIt;onll Council
on Marine Resources and F: neinetring Dtvelorrient ty the System Dcvek.pment
Corp , Ssnta Monica, Calif , July 1969.
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a permanent mechanism for Federal coordination of the marine sciences
data networks. In addition the Committee Itas asked NOI)C and its Advisory
Board to develop a 5-year time-phased plan, with alternatives, for the im-
provement of the Center's services, as indicated in specific recommendations
within the study, and with other available expert guidance as necessary.

The national data program study, as it relates to the broader problems
encountered within the Federal community, is presently the subject of
continuing review by the Comcil and all Federal agencies involved in
environmental data management matters.

There are four Federal repositories of environmental data with the
primary mission of providing service: to the user community: the National
Oceanographic Data Center, the Smithsonian Oceanographic Sorting Cen
ter (biological and geological sample collections), the National Weather
Records Center (marine meteorology), and the Great Lakes Regional Data
Center. Funding for services at these centers is indicated in table N-2. Also
various data are stored in data banks of individual Federal agencies.

Table X- 2 Funding for Marine Data Centers
f In millions of dollars!

Estimated
F Y

Estimated I'm Wenn'
FY PA Pudgct FY 1471

National Oceanogr3phie Data Center L 6 2. 1 2. 1
Na'ion.111'eather Records Cent,r I 0. 0. 3 0. !'
Great Lakes Data Center 0. 2 0. 2 V.

Smithsonian Oce:_aographic Sot ting Center.. 0l 0. I 0. 1

Total 2. 2 2.7 3.0

I Inefulcs NSF contri/v0on of 671.nfa) eath or the ytars for Weald (rats ('enter A.
Supplementcd by lunfis transit-1w! from Other etc netes roe rtImbursable protects.

National Oceanographic Data Center

The National Oceanographic Data Center (NOI)C). Vashington, 1).0 .
it an interaertcy activity established in 1960 under ) 1 ian.m.n_triltive man-
agement of the Naval Oceanographic Office. Policy and technical review
are provided by an advisory board svith representation from each of the
10 Federal funding agencies and the National Academy of Sciences; repre-
sentatives of National (keanographic Instrumentation Center and industry
sere mob-ter-vers. Collocated with World I)ata Center A far Oceanography,
NODC receives, compiles, processes, and preserves oceanographic data
front both foreign and domestic sources and disseminates these data to U.S.
and foreign organizations and institutions engaged in marine science ac-
tivities.

During fiscal year 1969, N(A)C:'s accomplishments included
(1) Installation of a third generation computer which will allow

for complete automation of major files, thus alloying for faster and
more accurate response, as %veil as a greater satiety of products;
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(2) Response to an increasing number of requests lot data and
information (with reimbursable requests up 41 percent over fiscal year
1968, exchange services up 116 percent, and nonrcimbursable requests
up 20 percent). Table X-3 summarizes the sources of requests;

Table X-3Sources of Requests' National Oceanographic Data Center,
Fiscal Year 1969

Percent
Federal and State Governments 32

Industry 28
Universities, 24
General puLlic 9
Foreign requests

Total 100

I Total 2,530 test s.

II a
.10111.41111

Cattalo,' and !waiting of creariographic data are rapidly be...ambit automated.
,thoittt abote in the automated data rquii:riott crater for the Shilhoard Suitt')
Spurn in the VS. ,Vary nave) 04 Silas Bent 7-he prim art rritolitori f, r occatio
Graphic data it the Natiottat Occttoeraphic 01. tearer. (bratty cannot, ittlorma
lion 'rotate and teirieial end atialpit are tiff vrmed by the Cotter's nerdy ingalled
computer system.

p
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(3) Production of a sound velocity atlas for the Easters Pacific,
summarisation of mixed layer and thernrocline depths (11T data) lor
various ocean areas, revision of an automated avorldwide land-nizts.;
data file for more accurate representation of shorelines in graphic dis-
plays, production of detailed in-,entory for a geographically sorted
archive of station data;

(4) Initiated development of new data bases including those for
sea Led photographs, time series data (buoys), satellite photographs,
and for modern, continuously recording instruments such as the salin
sty-temperatu.e-depth systems. To facilitate receipt of all types of
marine data in computer-compatible form (punch card and tape and
magnetic tape), completed development of tic first phase of a general
data steni ((;DS), and published an instructional guide for use of
the systtn;

(5) (:ontinii,x1 cooperation with the Wm Id Data Centers in updating
of the Intergovernmental Oceanographic Commission's 1963 catalog,
"Fixed Oceanographic Stations of the World" (now called "(kean
Data Stations"). 'I his catalog s)mboli7es the increased emphasis on
marine data inventories and directories, which are under develop-
ment or being planned at both national and international levels:

(6) Continued implementation and expansion of the National
`Marine Data Inventory (NANDI) of all marine data and samples
generated by U.S. datapathering activities, for fiscal year 1967 --
60 operations, and, for selected organisations. from 1960 onwaid.
NANII:i serves not only as a data management tool for U.S. programs
nut will also act as a prototyr inventory for other intergovernmental
data exchange programs; an3

(7) Accession of 50,000 bathythermograph observations (from
eight nations, including the United States), 49,000 oceanographic sta-
tions (36,000 from 31 nations. 13,000 front U.S. activities), and varying
types and amounts of biological (from 25 foreign and 16 U.S sources)
and geological and geophysical (30 foreign and 60 U.S. sources) data
and infcrmation. The data were incorporated into the national data
base for use in the preparation of atlases, in survey planning. environ-
mental studies, and other programs requiring Large quantities of data

During the coining year, NOIX.:'s plans include

(1) Continued development of automated, nearrealtime service
capability in order to respond to requests for retrieval of data and in-
formation including space/time variations of thennocline depth and
associated temperature gradients, averages in three dimensions for
various physical and chemical marine properties, new computational
programs, contouring of descriptive features, and analytical products;

(2) Further development of on-lint interactive displays of data and
analyses (live atlas") in order to provide a new and dynank experi-
mental Poi for the researcher as as-ell as a quicker resix)rise time to the
requester Nith stn Urgent time requirements;
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(3) Continuation of development of a General Data System (GDS)
to provide ready acceptance of a wide variety of computer-com-
patible formats;

(4) Development of a time-series data base to incorporate marine
data emanating from national and international data progratos;

(5) Preparing a directory of existing marine data, samples, and
productsnationally and internationally, and developing specialized
inventories, as required;

(6) Continuing use of a time-sharing computer system for inventory
and production status control, and expanding inventory information;
and

(7) Developing models for use in quality control of data and pre-
dictions systems.

Smithsonian Oceanographic Sorting Center

The Smithsonian Oceanographic Sorting Center (SOSC) bron its serv-
ice in 1962. The Center receives, sorts, records, curates, and distributes
biological and geological specimens collected by oceanographic expeditions
to all seas. Acting as a central processing laboratory, SOSC expedites speci-
men oriented research analysis by sorting and distributing samples to
specialists.

In addition to the biological material handled by the Center, the SOSC
geology section acts as a clearinghouse which inventories and distributes
geological collections, consisting of sea floor samples, photographs, or general
information on rock specimens. Analytic equipment was installed during
1969 to enable optical identification of rock materials, thus assisting n the
distribution process. During 1969, SOSC sorted 3,491,589 specify-inn arid
distributed 1,148,411 specimens in 531 shipmer...3. The total nt nber of
specimens sorted by SOSC since 1963 excr_als 22 million with nearly 8
million specimens distributed.

Responding to the increased interest in environmental quality, SOSC
has made arrangements to receive existing unsorted collections from the
Great Lakes, The processed specimens will serve as a benchmark for the
evaluation of efforts toward pollution abatement and lake restoration sec
ch. III).

The National Academy of Sciences is currently studying the possible
ecological consequences of a sea-level canal in Panama. In this connection,
the Center is prepared to assist in establishing the benchmark collection
data necessary to evaluate the effect of unhindered migration between the
Atlantic and the Pacific.

Recently, the SOSC has obtained more efficient, modtrn facilities. An
automated records section, first designed in 1966, began full-scale operation
with the correlation of specimen data with collection and environmental
data from expedition logs; over 50,000 records were produced in fiscal year
1969, many of which represent backlog data from samples previously sorted
at the Center.

The Mediterranean Marine Sorting Center operated by the Smithsonian
Institution in Tunisia provides a continuing service to U.S. and foreign
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scientists and will serve as the sorting center for the Cooperative Investiga-
tions of the Mediterranean, a 5-year intergovernmental study starting in
1970, and included in the International Decade of Ocean Exploration
(I00E),

National Weather Records Center

The National Weather Records Center (NWRC), an arm of ESSA's
environmental data service, is the archival center for all climatological data
gathered by civilian and military agencies. Over 15 percent of the informa-
tion stored in the Cutter's tape library contains marine surface observations,
including sea surface temperatures and ocean wave data. Marinc- related in-
formation from over 2,000 merchant ships and smaller fixed stations, such
as lightships and ocean station vessels, is used to develop climatological
analyses. Volume VIII of the U.S. Navy's global series of Climatic Atlases
was completed using the synoptic information collected at the Center. Other
forms of information, such as satellite photographs, are also included in the
data file. Automation of selected data files now allows limited production
of graphic information from data acquired directly from ships.

Great Lakes Regional Data Center

The Great Lakes Regional Data Center (GLRDC), operated by the
Lake Survey District, Corps of Engineers, has a program directed toward
processing, storage, retrieval, dissemination and analysis of--

(1 ) Hydraulic and hydrologic data (river flow and water level) ;
(2) Limnologic data (physical, chemical, and biological) ;
(3) Hydrometeorological data (precipitation) ;
(4) Hydrographic data (depth) ; and
(5) Ice and snow data (formation, movement, break-up and thick-

ness).
Information and analysis services provided by the GLRDC assist in regu-

lating the levelc and outflow of Lakes Superior and Ontario, the flow over
Niagara Falls, and in the determination of the division of water for hydro-
electric power between the United States and Canada. Such data are also
used extensively ia research on fisheries, pollution, shore processes, currents,
and ice formation and movement. The GLRDC acts as a data repository
and clearinghouse for data and research projects for the Great Lakes Study
Groups and the marine-related scientific community in general.

International coordination of data collection and research activities is
provided by the GLRDC for the Great Lakes Study Group and in services
provided to the International Joint Commission. The GLRDC is a major
participant in the International Field Year on the Great Lakes. It main-

'The Great Lakes Study Group (GLSG) is an informal organization representing
U.S. and Canadian interests, initiated in 1962, to facilitate the exchange of informa-
tion and to provide informal coordination among the various research activities relat-
ing to the Great Lakes and the Great Lakes Basin. This group provides a forum for
assisting, coordinating and eliminating duplication associated with research activities
on the Great Lakes.
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tains liaison with Canadian counterparts for access to data obtained under
their programs.

A new computer complex dedicated to an on-line data acquisition sys-
tem in sup of the International Field Year on the Great Lakes is
scheduled for installation in the first quarter of fiscal year 1971. The general
purpose computer will have the capability for data processing, analysis and
storage/retrieval and will be the hub of all systems of the GLRDC. Data
will be acquired by a remote system with on-line sensors. This initial use
will provide a basis for decentralization to other Great Lakes at the comple-
tion of the International Field Year.

Other Repositories

Individual Federal agencies maintain primary centers for their mission
related activities. The Department of Defense supports data repositories for
geodetic and bathymetric data for nautical charts, and for gravimetric and
geomagnetic data. In addition, the Navy's Fleet Numerical Weather Center
stores a variety of environmental data related to the ocean and at-
mospheric forecasting in support of operational needs.

Table X-4 indicates the growth of Marine data center files.

Table X-4-Growth of Selected Oceanographic and Marine
Meteorological Observations

NATIONAL OCEANOGRAPHIC DATA CENTER (Cumulative Acquisitions)

Data type 1965 /965 1967 1968 1969

Bathythermograph
analog data 700, 000 739, 000 760, 000 783, 000 800, 000

Bathythermograph
digital data 114, 000 199, 000 292, 000 309, 000 500, 000

Station data 239, 000 270, 000 305, 000 329, 000 355, 000

NATIONAL WEATHER RECORI CENTER (Yearly Acquisitions)

Marine meteorological
data-Cooperative
ship program 487, 200 422, 530 ./74, 654 568, 222 1 625, 000

Bilateral agreements 939, 000 875, 000 875, 000 1 962, 000
International ex-

change 122, 934 351, 979 176, 159 344, 341 I 378, 000

SMITHSONIAN OCEANOGRAPHIC SORTING CENTER (Yearly Acquisitions)

Samples:
Received 15, 834 5, 207 7, 281 3, 427 2, 927
Sorted 3, 266 3, 999 4, 053 3, 263 1, 972

Specimens:
Sorted 4, 973, 438 3, 397, 692 6, 885, 141 3, 483, 181 3, 491, 589
Shipped 915,668 3, 636, 005 989, 595 910, 057 1, 148, 411
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GREAT LAKES REGIONAL DATA CENTER (Cumulative Observations)

Data type 1965 1 063 1967 19621 1969

Water level readings
(station months 2) D, 660 54, 320 54, 980 55, 640 56, 300

Wave data (station
months I) 240 280 320 360 400

Ice and snow:
Visual (station

months) 588 636 684 732 780
Aerial (synoptic

charts') 250 260 270 280 290
Water temperature

(station months) 1, 572 1, 644 1, 716 1, 788 1, 860
Hydrographic data

(field sheets) 670 690 710 730 750
Shore based hydro-

meteorological data 3

(station months) 122 134 146 158 170
Shipboard hydro-

meteorologic.I data 3

(station months) 36 42 48 54 60
Water characteristics 6

(samples) 263, 000 276, 000 289, 000 302, 000 315, 000

I Estimated.
Filed In hourly readings. (Total information bits =station months times 24 hours times 30 days
Continuous records.
Includes thickness, coverage and topographic features for all Slakes.
Includes air and water temperature, wind direction and velocity, current direction and velocity from

multilevel sensors.
Includes multicomponent chemical analyses and physical properties.

By receiving data from a variety of sources the Fleet Numerical Weather
Center (FNWC) is able to provide forecasts and analyses for fleet use, and
some of this information is useful to the fishing industry and for general
meteorological forecasting. The computer complex at Monterey, Calif.,
handles over 25 million data bits a day to provide services through the
Navy's environmental data network, and the FNWC serves as a center for
an environmental forecasting program which covers the Northern Hemi-
sphere. In addition, FNWC is responsible for the majority of the Navy's
numerical environmental prediction program and as such plays a key role
in developing prediction products for the fleet.

In the Department of the Interior, environmental data are collected and
utilized by a number of bureaus. The Geological Survey itself compiles data
on stream discharge measurements, chemical and related water quality data.
The STORET system created by the Federal Water Pollution Control Ad-
ministration maintains hydrological, meteorological, physical, chemical, bio-
logical and other data related to water quality and water quality manage-
ment. Operating through its 16 regional laboratories and its statistics branch
in Washington, D.C., the Bureau of Commercial Fisheries collects and pub-
lishes data on physical, biological, chemical, geological, and acoustical
oceanography, as well as commercial fish catches.

The Department of Transportation through the oceanographic work of
the U.S. Coast Guard provides 34 percent of the U.S. station data processed
by NODC during fiscal year 1969.
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In addition to the Federal agencies mentioned and the four Federal
data centers, the Nation's major oceanographic institutions maintain data
holdings which contribute to the national marine data inventory of all
data and samples generated by U.S. data gathering activities. An example
of the use of NODC's NAMDI to identify data collection trends is illus-
trated in figure X--1 which shows the time distribution of selected meas-
urements taken by the Woods Hole Oceanographic Institution over the
past 8 years.

Employing Data internationally

The programs and projects of the International Decade of Ocean Ex-
ploration will lead to the production of diversified types and large quan-
tities of marine data and samples. Rapid and economical flow of thcse data
among universities, Government activities, industry, and data centers is
required to assist in the effective and timely realization of IDOE objectives.
Also these data will be the principal currency for cooperation among par-
ticipating nations.

Figure Xi--Trends in Observational Programs of the Woods Hole
Oceanographic institution, 1961-68

Numtor ol 5141

11900

2 100

1.000

1,?C0

N ANSE

CAST

1901'61 '66'61

MECHANICAL
11

ISLE CTAOMICI

196114 IS %I 1161 64 11 1561 65

Years
{1 0 0.0 .017 0111 1M If y 0040 I. Ilu 01 1: ..... If 0.40

142

1961 61 1516 1961 64 65 va



The Intergovernmental Oceanographic Commission has identified a
Dumber of problems related to international sharing of data on the marine
environment, including

(1) Improvement and consolidation of bibliographic and related in-
formation services;

(2) Early exchange of plans and preliminary results of observational
programs;

(3) Integration of real-time exchange of oceanographic data with the

meteorological system;
(4) Development of methods for storage and retrieval of biological,

geological and geophysical data;
(5) Automation of international data banks and improved pro-

grams and methods for making their contents available;
(6) Developtnent of standardized and/or computer-compatible

data formats;
(7) Timely establishment or improvement of international inven-

tories of ocean data and samples and provision for centralized cata-
loging of sea data available from various private and public sources;
and

(8) Strengthening the system of sorting centers for biological

material.
Neither national nor international capabilities are adequate to facilitate

the exchange of the ever-increasing diversity and volumes of marine data
being generated by many nations. In preparation for the projects of the

IDOE, certain activities must be launched now to allow for effective utiliza-
tion of the platforms and scientists as well as for distribution and analysis of
the data. This preplanning takes on several aspects, each dependent on
supporting actions of national and international data centers. Among these
are the

(1) Development of national and international directories of hold-
ings, and inventories of ongoing collection efforts;

(2) Evaluation of kinds of data products to be developed from
IDOE projects including atlases and cernputerized display systems;

(3) Processing of data collected from foreign sources that bear on
1101, project areas;

(4) Extensive surveys of research literature covering selected IDOE
areas; and

(5) Establishment of communication links between data centers,
scientists, and computers.

NODC is now planning for implementation of its role in the IDOE with
the National Science Fomidation which has lead agency responsibility for
the program. Also the Center will serve as the regional data center for the
Cooperative Investigations of the Caribbean and Adjacent Regions
(CICAR). In a similar action, the Smithsonian Oceanographic Sorting
Center is preparing to make its facilities available so that sorting activities

can be done by trained technicians thus freeing scientific personnel for more
direct participation in the analysis of the samples collected from IDOE
expeditions.
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Chapter XI

FURTHERING MARINE SCIENCE
RESEARCH AND MANPOWER

In the prologue to "An Oceanic Quest" 1 the National Academy of Sci-
ences and the National Academy of Engineering recommend these ob-
jectives for future U.S. marine research programs to be performed during the
International Decade of Ocean Exploration: "To achieve more compre-
hensive knowledge of ocean characteristics and their changes and more pro-
found understanding of oceanic processes for the purpose of more effective
utilization of the ocean and its resources." In its report, "Our Nation and the
Sea," the Commission on Marine Science, Engineering and Resources rec-
ommended that "The Nation should establish as a major goal the advance-
ment of an understanding of the planetary oceans as a principal focus for
its future basic marine science effort."

Both recommendations suggest the importance of fundamental and applied
oceanographic research to the attainment of better understanding and of
more rational use of the seas. In an attempt to turn the results of the
national marine research program to best advantage, there has been, over
the past decade, a concerted effort on the part of the Federal agencies
to develop and foster programs of broad basic research which would
ultimately enhance the future use of the world ocean.

Dimensions and Nature of Research

Scientific research, in its broadest aspects, has been the supporting struc-
ture that has allowed the present national ocean program to flourish and
expand to meet significant, current marine-related problems. Although
large-scale cooperative experiments are necessary for establishing and verify-
ing phenomena on a planetary scale, only thoughtful study and research
by individual investigators make these possible.

The value of most research is not time limited. Usefulness of data, al-
though they may decay in their aLsoluto value, carries on as a foundation
for future work or as a basis for more applied activities. Excellence in con-
tent and method is insurance that basic studies will serve as keystones in

"An Oceanic Quest: The International Decade of Ocean Exploration," an
appraisal of the Decade prepared for the Marine Sciences Council by the National
Academy of Sciences and the National Academy of Engineering, 1969.
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research. Perhaps the most notable example is that of the samples and in-
formation gathered from the Challenger Expedition (1872-76) which are
still being examined and compared with contemporary studies.

The marine sciences are multidisciplinary; marine scientists apply the
fundamental disciplines of physics, chemistry, and mathematics as well as
biology, astronomy, geology, and meteorology to their study of the world
ocean.

Influenced by the rotation of the earth, imbalance in solar heating, and
interactions with the atmosphere, the world ocean acts as a large moderating
system. But the ocean is not homogeneous; various physical and chemical
processes act on it to bring out difference,: in water masses and natural fer-
tility. Boundary conditions imposed by continental masses and undersea
topography mold the contemporary conditions cithin the ocean basins.

As in other environmentally dependent disciplines, single solutions to a
problem are never without relation to other causes or effects. Perhaps the
geologic concept of "multiple working hypotheses" is an apt description of
the nature of the present research endeavor in the marine sciences. But a
multiple hypothesis approach implies a number of investigators and investi-
gations, some operating on a small laboratory scale, others on collection and
synthesis of information for the solution of global problems.

The investigations and some highlights of last year's work, presented in
this chapter, are noteworthy examples of the nature of the marine sciences
programa blend of many problems and workers, each contributing to
our understanding of the world ocean.

Arctic and Northern Cold Regions

The development of the Arctic and its adjoining areas often involves
finding unique solutions to complex problems. It has become apparent, for
example, that vast quantities of natural resources await us, yet in terms of
exploration the area is extremely inhospitable. The environment is still
largely unpolluted, although pollutants could persist for unusual lengths of
time. The shortest routes between many world centers cross Arctic lands
and waters, yet routine, scheduled commercial marine transportation through
the Arctic region still lies far in the future. Strategically, the Arctic is of
great importance but its environment precludes conventional surface naval
operations and greatly changes the nature of most other military actions.

Because of the Arctic's overall significance and resource potential Arctic
environmental research was one of the five initiatives selected by the Presi-
dent for immediate, priority attention. Major objectives of the Arctic pro-
grams will be

(1) Investigations of the polar icepack, including its effect on trans-
portation and global weather; its interaction with coastal installations
and morphology of the coastline; and its impact on sedimentation
processes and coastal ecology;

(2) Study of the polar magnetic field and its effect on
communications;
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(3) Investigations of geological structures underlying the Arctic
lands and polar seas as both potential mineral sites and hazards to con-
struction and resource development;

(4) Comprehending the balance of the Arctic ecosystem; and
(5) Experiments on the degradation of liquid and solid wastes under

Arctic conditions.

Man's psychological and physiological capacities to adapt to this in-
hospitable environment also will receive increased attention. Consideration
will also be directed to formulating an overall policy framework for Arctic-
related activities.

In support of this initiative and in view of the recent surge of commercial
activity in the Arctic and their continuing mission objectives 11 Federa'
agencies are planning to expand or mount efforts of varied scope and in-
tensity in fields including engineering, meteorological and environniental
research, resource assessment and development, health and welfare, and
Arctic transportation. The National Science Foundation has been given
the lead agency responsibility for Arctic research programs. Of the $2 mil-
lion requested for new Arctic programs by NSF in support of the Arctic
initiative, $0.8 million would be funded for marine related activities. Federal
funding for Arctic environmental research is shown in table XI-1.

Table XI-1Federal Research on Arctic Phenomena 1
in thousands of dollars]

Oeo- Human
Estimated fiscal year Ice- Mag. logic E co- Perna Waste behavior

1971 funding pack ne tic struc- logical frost degra- and Other Totals
field tures balance dation physi-

ology

Department of
Agriculture 91.0 273.3 364.1

Department of the Air
'op:* 913 913.1

Department of the Army _ 9 58 24 56.0 34 90 930.0 1, 201.1

Department of Commerce. 215 215.(
Department of Health,

EthmatiOn, and Welfare. 63 214 1, 223.2 1, 500. l

Department of the
Interior F93 93. 6 464 250 2, 000.0 3, 700. t

Department of the Navy. 1,583 25 220 95.0 4r 80 35 2, 667.0 4, 745. I

Department of
Transportation ... 500 100.0 600.1

Atomic Energy
Commission 740 567.5 95 1,869.0 3,271. 6

National Aeronautics and
Space Administration__ 324 713 350.0 80 1, 467.1

National Science
Foundation 800 1,300 500 500.0 '200 130 820.0 4,250. 0

Totals 3, 215 3, 224 2, 377 1, 753.1 913 483 379 9, 852. 5 I22, 227. f

I This compilation is broader than marine sciences. Marine-related Arctic research will total approximately
8 million in FY 1971.

1969, the Corps of Engineers through its Cold Regions Research and
Engineering Laboratory pursued its program of studies into ice mechanics,
including ice forces on marine structures and ships, investigation into tech-
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niques of channel and harbor construction and maintenance, physics ard
chemistry of frozen ground and construction on permafrost and in offshore
ice-bound coasts. Consideration was given to the use of ice as a construction
material. In addition, the Corps provided technical advice during the
Manhattan's transit of the Northwest Passage.

The Coast and Geodetic Survey carried out coastal surveys of Alaska,
including Norton Sound and Cook Inlet, and acquired information needed
for development of a marine terminal at Anchorage; several standard
nautical charts, bathymetric maps with geophysical overlays were also pub-
lished for the Norton Sound area. In addition, a marine forecast center was
established by ESSA at Anchorage to provide daily forecasts on weather,
waves, temperature, visibility, and ice conditions.

The Navy continued its Project Birdseye long-range ice observation and
study program, covering much of the Arctic Basin at monthly intervals. Ice
observations and forecasts were provided for several users, including the
Manhattan's transit, as well as for military Arctic resupply operations. Ice
Island T-3, a passively drifting platform, carrying a multidisciplinary group
of scientists, funded through Navy programs, provided much 1:ew knowl-
edge of geophysical, oceanographic, cryological, and meteorological en-
vironmental relationships of the Arctic Basin. The Naval Arctic Research
Laboratory staff and associated scientists provided advice, guidance, and
services to Government and private industry in numerous problems related
to production and transportation of oil on the North Slope of Alaska. The
Navy conducted submarine under-ice operations in which Navy scientists
participated.

A major investigation of western Greenland glaciers and oceanographic
conditions was conducted by the Coast Guard to determine if the iceberg
productivity patterns of Greenland glaciers have changed markedly. Te-!ing
of several techniques for improved sea ice observing and forecasting included
Navy's use of ruby lasers to obtain detailed sea ice profiles, as well as esti-
mates of roughness :tnd surface reflectivity, and the Coast Guard's use of a
side-looking airborne radar for iceberg and pack ice observations, which
provided direct support to the Manhattan.

Other Arctic programs involved
(1) Geophysical experiments including bottom-mounted seismom-

etry carried out by the Advanced Research Projects Agency (ARPA) of
the Department of Defense in the Aleutian Ish nd area, leading to a
more thorough understanding of the geology and geophysical structures
of this island and trench complex;

(2) Development by ARPA of an Arctic surface effects vehicle as
a principal goal, looking both toward military and commercial needs;

(3) Development by Navy laboratory and university contract scien-
tists of a design for a large scale experiment on sea ice dynamics
Project AIDJEX. ASW hydroacoustic and thermal microstructure
experiments are being developed as goals to be completed during the
spring of 1970 from two manned and one instrumented, unmanned
ice floc stations in the Arctic Ocean;
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(4) A cooperative U.S. Navy/Canadian program of 15 dives by
sul-imersible to depths over 1,500 feet in the Canadian Archipelago in
which geological, biological, and acoustical data were obtained;

(5) Development by the Navy or a computer-bned model which
relates environmental data to the prediction of sea ice growth and
decay;

(6) Oceanographic surveys of the Bering, Chukchi, and Beaufort
Seas, as well as of other significant areas, continued by the U.S. Coast
Guard, the U.S. Navy and U.S. Geological Survey;

(7) A major study by the Coast Guard of polar transportation
requirements, leading to the design of a five-year research program
for which field work has already commenced with studies of sea ice
along the Alaskan coast;

(8) Bottom sampling and seismic profiling by the U.S. Geological
Survey in the northern Bering Sea with emphasis on heavy metal de-
posits and areas of petroleum potential; and

(9) ESSA research programs including study of the solar-geophysical
relationships and their related telecommunications effects. Investiga-
tions encompass such areas as measurements of Paroral air-glow and
the anomalous effect on the geomagnetic field in the Arctic region.

Ecological Shifts In the Environment

Over the past decade, as research and survey operations have broadened
the scope of knowledge about the marine environment, scientists have
become aware of more subtle ecological shifts, both biological and physical.
In some cases, such as the balance between anchovy and sardine populations,
programs of scientific observation and consen at:on have attempted to re-
store the balance between these speciesthereby improving their economic
potential. In other cases, where unexplained changes in water temperature
or nutrient supply stimulate planktonic forms and cause toxic effects such
as the "Red Tide," attempts thus far to alter the ecological environment
have not been successful since direct intervention in the situation is too
costly or the resulting effect on the environment speculative.

An example which will require further study is that of the appearance of
a predatory starfish, At-an:holey planci, commonly called the "Crown of
Thorns," in the U.S. Trust Territory, the Hawaiian and Marshall Islands
group and off Australia. Its normal ecological position in past years has
been that of a minor predator of coralline invertebrates, primarily those
which live in coral reefs. During 1969 there were reports of widespread
destruction of reef material by an infiwe of these starfish. Because this was
an abnormal condition which might have serious consequences to reef
ecologies, several agenciesthe Department of the Interior, the U.S. Navy,
the U.S. Coast Guard, the Smithsonian Institution and the National Science
Foundation, have initiated studies of the affected areas. Although complete
surveys of all island areas were not made a recent report points out that the
starfish infestations are of serious growing proportions in some areas.
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Some of the direct consequences of this change in ecological balance relates
to man's use of the areas tinder attack by Acarithaster planci. Reefs and
atolls are havens for numerous fish species and are zones of high organic
productivity. Destruction of the coral material of the reefs would upset the
productivity of the reef, especially the productivity of fish useful to the
local inhabitants.

Understanding of the long-term effects of the predatory action of the
"Crown of Thorns" is still rudimentary. For this reason, the De?artlnent
of the Interior is examining the results of several independent reports "
in order to formulate further research into the nature of the infestations
and future action in controlling or modifying the destruction of these
important natural resources.

Global Deep Drilling Investigations

An outstanding example of a major U.S. research program, which relates
to a global research problem, is the National Science Foundation's ocean
sediment coring program.' Recovery of cores from areas where the water
depths are over 20,(100 feet has demonstrated the great potential of the
drilling ship Glomar Cher-tiger. ty determining the ages of the oldest
sedimentary material in the cores the validity of the sea-floor spreading
concept can be tested- -if the continents are drifting apart, the sea floor
sediments should be progressively younger in age near the proposed central
area from which tectonic motion emanates. Preliminary shipboard examina-
tion of the samples lirlicated that this systematic shift in the age of sediments
does occur, lending support to this hypothesis. A reconstruction of tFe
opening and formation of the Atlantic Ocean is now possible as a result
of the direct evidence recovered by deep sea drilling.

Other signal cliscceries from early examination of the comings have show n
that the rates of sedimentation in the deep ocean basins vary ss ith time
and location by orders or magnitude. Corings taken in the Culf of Mexico
from the Sigsbee Knolls and related buried structures of the deeper port:ol:s
of the Culf revealed that these formations consisted of salt diapirs having
associated hydrocarbon dcpo:,its.

Since much of our previous information concerning the igneous and
sedimentary material of the ocean b Atom was id( red from indirect seis
mic methods, the recovery of in situ rocks has answered questions of inter-
pretation of geophysical information. Ito sever, the drilling ha= ilso opened
imp a multitude of problems relating to sequences of deeper sediments not
heretofore predicted from analyses of previous oceanographic and geo-
physir al sedimncnts.

""Arantheittr {taxi impact on Pacific Coral Rt.f1.- firal report to U S Depart-
ro'Tnt of the Interim*, Research Laboratories, Westinghouse Electric Corp. Pittsburgh,

October 1069. ("Omen of Thorns" %Voris/sop, Univritity of California, San
Dietn, Scripps Inititutirda of Oct anograp)3,Cktober 190.)

'Nam for the OtthP1 sediment toting program your described in the Marine
Sciences CAsurreirs third annual report, "1411t Science Affairs A Vtar of Broad-
ened Participation."



Future scientific plans in the Deep Sea Drilling Project of the ocean sedi-

ment coring program are based on the geophysical patterns developed as a

result of nearly 1 million miles of traverses conducted over the past two
decades. Global patterns of gravity, magnetic and thermal anomalies, along

with information about the composition, thickness and stratification of the

sedimentary cover of the deep-sea and continental margins allow for the
selection of drilling sites to verify and expand knowledge about specific
geophysical characteristics. Hypotheses about major tectonic processes,
long in scientific controversy, can be tested by a well-planned sampling

program for the deep-sea and continental margins.
Based on the analysis of these patterns and the need to validate a number

of geophysical hypotheses, drilling is scheduled for continental margins of
the major ocean basins, the Gulf of Mexico and selected site! of tectonic
and sedimentary significance. Transition zones between the continents and
the deep ocean basins ill also be sampled to develop a better understanding
of their history and relevance to global tectonics. Reconnaissance of the
Indian Ocean and Mediterranean Sea, and additional drilling in the
Atlantic and Pacific Oceans will be undertaken in the near future. The
tracks and drilling sites for the completed and proposed deep sea drilling
project are illustrated in figure XI--I.

The drilling system of the Glornar Clurlictigcr will be modified to extend
its capabilities. Drilling innovations such as reentry of the borehole with
drill pipe; a down hole drilling motor; new instrumentation to monitor
down hole operations: drill or core bits with replaceable cutting elements:
and other system improvoments will be considered and possibly tested as the
program progrrsscs. The ocean sediment coring program is producing,
from both a technical and scientific standpoint, results of benefit to the
s. ientific and industrial cotnniunities and providing valuable infon»ation
on deep-sea drilling technology for future industrial use.

Determining the Energy of the Environment

The coupling between the atmosphere and ocean systems has been of
interest to oceanographers and marine meteorologists, especially as it of
basic atmospheric circulation and the exchange of energy, %valet, gases. and
particulates at the sea-air interface. In earning out its responsibility as
kad agency for seaair interaction studies, F,SSA coordinated the scientific
program and logistical support for an experiment to study the exchange of
energy between the ocean and atmosphere and the vertical and horizontal
spreading of these energies within each fluid. Seven Federal agencies, 22
universities and independent laboratories. and six industrial organizations
participated in the experiment. In all, an expedition consisting of 12 ships
and 28 aircraft, and 1500 scientists and technicians performed over 100
epeemcnts within the 90,000 square mile field area. Termed the Barbados
tkeanclraphic and Nfetoorological Experiment (1()M1,X ), field operations
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were conducted in the oceanic areas of the equatorial Atlantic off the Island
of Barbados.'

One of the most difficult problems in mounting a medium scale oceano-
graphic experiment is the coordination of large numbers of platforms and
sensors required for time-synchronous measurements of fluxes, momentum,
and other variables. Because of the nature of its design and the large number
of participants, simultaneous measurements from levels below the mixed
layer in the oceans to 60,000 feet could be taken, thus allowing for a com-
prehensive characterization of the physical environment in the I3OMEX
area

The principal objectives of the BOMEX program were

(1 ) Determination of the flux of energy from the ocean to the at-
mospherethe sea-air interaction;

(2) Investigation of the dynamics and structures of the mixed layer
in the upper ocean;

(3) Exploration of large convective systems over the tropical Atlantic ;
(4) Determination of the radiation budget over the BOMEX area

from the ocean surface to the top of the atmosphere; and
(5) Provision, by use of satellites, of scientifc background informa-

tion for BOMEX projects for comparison with actual direct measure-
ments from other platforms, and for communication experiments with
aircraft and ships for future global and ocean systems.

The BOMEX program was divided into several datagathering phases;
two methods were used. Initially, the point method measured the upward
and downward flow of energy in both sea and air at specific points on the
sea surface. The second, or volume method, treated the BOMEX area as
a cube. In concentrated observation periods of approximately 4 days each,
conditions in the BOMEX area were measured by instrumented balloons,
by instrument% dropped from aircraft, by the ships at the corners of the array,
and by day and night "line integral" flights around the cube's outer perim-
eter. These measurements will be used to calculate the net gains or losses
in heat, moisture, and bind energy in the volume of air overlying the
BOMEX square, and the amount of heat cnd moisture that the atmosphere
over the area receives from the sea.

The fourth data-gathering period was devoted to the exploration of
convective systems. It is in these systems that rnost of the energy in the
atmospheric boundary layer is transported to higher levels and distributed
throughout the troposphere. The choke of the areas was determined from
cloud photographs taken by ESSA satellites and the NASA ATS -Ill
synchronous satellite.

The volume of data taken during the full BON1EX project is prodigious.
Anal,.-sis and iorrelation of the information taken from instrumentated air-
craft alone amounts to 4,000 hours of tuutintrously recorded observations
of a variety of u-eazher elements. L, cause of the enormous amount of data
to be reduced and correlated it is estimated that the major data tkments

'Federal participation ill BOSIEN included AEC, BCF, ESSA. NASA. N'avr, Air
Forte, Coast Cu ird and Gtoklical Survey.
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will not be reduced before mid-1970. However, preliminary analysis of cer-
tain data have revealed

( 1 ) Strong eastward-moving currents in the Atlantic off Barbados,
where ocean atlases show predominantly westward flow;

(2) A large water mass, probably from the Amazon River, that re-
mains unmixed with ocean water as far as 1,000 miles from its source;

(3) The presence of small atmospheric "fronts" 3 to 4 miles long,
with sudden temperature and humidity increases often followed by a
rapid temperature drop, while the humidity decreases slowly over a
period of 10 minutessuggesting the existence of patches of moist
and dry air a mile or more in diameter with little change in tempera-
ture; and

(4) Twice as much incoming solar radiation being absorbed in the
tropical atmosphere as had been believedindicating that the amount
of solar radiation available to heat the oceans is less than previously
estimated.

BOMEX follows closely the recommendations of the Joint Panel on
Sea-Air Interaction and the Panel on International Meteorological Cooper-
ation of the National Academy of Sciences (1962). These panels pinpointed
the problem of sea-air interaction as one of the most important, but also
most difficult research problems of our time, requiring the close cooperation
of the atmospheric and oceanographic scientific communities. Such coopera-
tion has been achieved in BOMEX.

Understanding Ocean Properties Through Research

During the past year a number of significant discoveries have been made
at the oceanographic institutions and at various marine science departments
which have increased our bask understanding of the living and nonliving
properties of the ocean. Generally these are contributions of individual sci-
entists to develop hypotheses concerning the ocean, its contents, boundaries,
interactions and evolution.

Extremely sensitive instruments were used to detect the presenc of 10
radionuclides in the ocean down to 1,500 meters.' Specific activities of zinc-
65 and eobalt.60 detected in marine organisms were several orders of magni-
tude higher than sea water probably indicating that the chemical and physi-
cal forms of radionuclides are selectively concentrated, especially in the
differential chemical absorption among certain invertebrates.

Continued investigations into the major geological structures of the cen-
tral North Pacific have significantly advanced the development of theories
of sea floor spreading and plate tectonics.' Studies of bathymetric and mag-

' Robertson, D. E , Ranwitelli, I.. A , and R. W. Perkins; "hfulti.element Analysis
of Sea iVatcr, Marine Organisms and Sediments by Neutron Activation without
C:helnical Separation," Proceedings of intes atiorsal Srrnpotheen Ni the Applications
of Neutron Activation Analysis in Oceanography, Brunets, June 1968.

' Peter, G , Erkison, B. H , P. j. Grim; "Magnetic Structure of the Akutian and
Northeast Pacific Basin," TA. Sr., vol. 4, Interscience Press, 1969.
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netic data have shown not only that the major East Pacific I racture Zones
extend westward to at least longitude 180° but :hat there was a marked
change in the direction of sea floor spreading during the early Cretaceous.

Studies of portions of sea floor in the central North Pacific which arc
considerably removed from active spreading centers indicate that abyssal hill
topography reflects the original grain imparted to the crust during its forma-
tion.' This new line of study on abyssal topography may prove a useful

approach to investigations of sea floor spreading.
Analysis of measurements made from the Office of Naval Research Drift

Station ARLISI I in Denmark Strait revealed a temperature disturbance in
the sediments corresponding to change in ocean-botton temperature of the
order of 0.1° C. occurring several hours to a month prior to the observa-

tions.' The results suggest that a surge of cold bottom water 0.45° C.) ,

100 km. in horizontal extent, spilled over the Greenland-Iceland Ridge into
the North Atlantic in April 1965. Details of such fluctuations and their con-
trolling mechanisms arc poorly understood because of the difficulty of obtain-
ing synoptic coverage of conventional hydrographic observations. "Memory
of the Mud" provides a means of reconstructing the synoptic picture.

Strength tests of in-place material on the sea bottom indicate that the
strength of sedimentary material may be two to three times the strength
as measured from core samples.' This may open new lines of investigation
of the diagenctic effects on sedimentary materials at depth,

Investigations are underway to determine the effect on the ecology of
sea life of material which may be brought into the water column in the
form of fine grained sediments during marine mining operations' It is

possible during marine mining operations that these sediments and nutrients
brought from depth may harm the existing life or the presence of higher
concentrations of nutrients may be of benefit to most life forms.

The mechanism of absorption by the oceans of the excess atmospheric
CO, from the burning of fossil fuels has been studied by scientists from a
number of universities." The utilization of CO, Ly marine plants also affects
the air-sea CO, exchange, but findings indicate that low CO, pressure regions
produced by phytoplankton activities do not necessarily mean that vigorous
air. to sea invasion of CO, will take place. It appears that the surface film of
organic matter produced by phyioplankton over the sea surface can re-
tard the invasion.

'Grim, P. 3, and R. P. Naugler; "A Fossil Deep Sea Channel on the Aleutian
Abyssal Plain," Stiewe, vol. 163, p. 3839, 1969.

Lachenbruch, A. 11, and B. V. Marshall, 1968. Heat Flow and Water Tempera-
ture Fluctuations in the Denmark Strait. Jour. Leoph. Res. 73 (18); 3829-5842.

'Kelkr, G. 11.; 'Shear Strength and Other Physical Properties of Sediments from
Some Ocean Basins," Proceedings ASCE Symposium, "Civil Engineering in the
Oceans," pp. 391-419, 1967.

'Keeling, C. 1), 'Carbon Dioxide in Surtio Ocean Water Foe the Global
Distribution of Partial Pressure," Journal of Geophysics' Research, vol. 13, pp. 4543-
4333, 1968.

"Park, K , Curl, H. C, and W. A. GlonschenIto, "Carbon Dioxide Anomalies
in the North Pacific Ocean," Nature, vol. 215, pp. 380 -381, 1967.
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Preliminary experiments with the annual jellyfish Aurelia show that
animals in arc iaborator) do not die synchronously in the summer as pre-
viously assumed but can be maintained alive for at least seven additional
months in lalxuar,ry aquaria." Hy controlling the animals' environment it
is hoped th individuals can be induced to perpetuate individual longevity
almost indefinitely. In this system, size, time and sexual maturity can be
separated as prime variables for an analysis of senescence for the first time
in a large, easily handled laboratory animal.

Ntytoplankton have long been assumed to remain within the lighted
surface layers of the ocean as a result of morphological and chemical modi-
fications of the cell.'2 However, it has now been demonstrated that the
sinking rates of these plants fall within the speed- and wind-induced, small
scale circulation processes, indicating that the turbulent motion of the
sea can adequately account for phytoplanktors flotation.

It has been demonstrated that phytoplankton growth is prohibited or pre-
vented in waters over New York City's sewage dumping area." The toxicity
is increased by the addition of small amounts of trace metals and is partially
decreased by the addition of metal chelatois indicating the toxicity results
of high concentrations of toxic metals in the sewage sludge.

The relationship of changes in the earth's magnetic polarity to other
phenomena in evidence from the study of pis'on cores from the Antarctic
shows a strong relationship between changes in the e:Ith's magnetic polarity
and earthquakes," volcanism, climatic changes, evolution and faunal ex-
tinction. There appears to be a direct correlation between these phenomena.

There are now positive indications that major falls of tektites arc re-
lated to changes 'n the polarity of the earth's magnetism." Present work is
concentrating on determining the frequency, causes, rates of change, and
prediction of future changes of these natural phenomena with reference
to environmental planninr and hazards to mankind from the environment.

Sediment cores obtained :!orn Drift Station T-3 have been analyzed with
respect to geological, geophysical, biological and climatic history as well
as physical properties important to hydroacoustics applications." Utilizing
established times of reversals of the earth's magnetic field strata in Arctic
cores have been dated znd sedimentation rates established at 1.2.6 mmi1(X)0
years during the last 4 million years. On the basis of analyses of inorganic

"Hamner, William 0, Unpublished results from progress report on NSF grant
GB -I3663 to the University of California, Davis. 1969.

"Srnayda, Theodore J , "On the Suspension and Sinking of Phytoplankton in the
Sea," Annual Re. kw of Oceanography and Marine Biology, vol. VII, 1969.

"Barber, Richard T., Unpublished results from progress report on NSF Grant
GB-7691 to Woods Hole Oceanogr sphic Institution, 1969.

"Hays, J. II, "Pako magnetically cC' introlled Cenozoic Radiolarian-Stratigraphy
in High and Low Latitudes,- Abs Geologkal Society of America.

"Glass, S. P., Ifeeren, B C, 1967, 'Tektites and 4:cornagnttic Reversals,- Scion.
first American, sof. t17, p. 32-3S.

"Clark, D. 1 Palececciogy and Sedimentation in Part of the Arctic Patin. Arctic
22{3): 231-241,1969.
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sediments and fossil remains in relation to the sedimentation rate it has been
determined that there is evidence of continental glaciation in the Arctic
Basin 4 million years ago, this probably representing the beginning of Arctic
ice conditions, Composition of sediments, plus display of certain temperature
dependent morphological characteristics of fossils, indicate the Arctic has
not been wanner than at present for at least 1.5 million years and that there
is no evidence of the Arctic Ocean having been free of ice in a similar time
period.

Water motion within the deep ocean (benthic) boundary layers has
been studied through the use of self-contained instrument capsules dropped
to the sea floor in the deep ocean to record current velocity, temperature,
and pressures for extended periods of high sensitivity and then recalled
acoustically to the surface." Problems under study in depths -..acceding
3 kilometers arc the character of flow in the few meters just above the
bottom, tides, and planetary waves." Results imply a turbulent boundary
layer several meters thick, the turbulence deriving from shear rather than
gcothcnnal flux. The bottom current is predominantly tidal.

An accurate measurement of the volume transport of the Gulf Stream
extending over several years has been completed." The measurements arc
of sufficiently high quality to provide data for testing modern physical
theories. A series of direct transport and Ilydcographic measurements showed
that the Gulf Stream extends to the bottom; as it does so, it becomes nar-
rower. On both sides of the northward flossing water there is a deep
counterflo

Chemists have demonstrated that carbon monoxide is naturally trans-
ferred from the ocean to the air." The exchange apparently accounts for
as much as 10 percent of the carbon monoxide observed in the atmosphere.
This finding is of major significance because scientists previously believed
that neatly all atmospheric carbon monoxide was produced by man-made
priXTSSCS.

Extension of a previous hypothesis concerning the relationship of sub-
marine volcanoes to a spreading sea floor has been extended to enable sci-
entists to estimate where harards to submarine navigation by submerged
volcanoes or scamounts may be found." In general, it am. an to take
about 10 million years for a volcano to grow to the ocean surface to fonts
an island.

"F. Snodgrass, "Deep Instrument Capsules," Science, vol. 162, pp. 78-87. 1968.
"Cauldwell, D, znd F. Snodgrass, "Sensors and the Deep Sea," Physics Today.

vol. 22, pp. 34-42. 1969.
"Richardson, Phillip, "Transport and velocity of the Gulf Stream at Cape Hat-

teras," M.S. Thesis, Univ. of Rhode Island, 1969.
*Swinnetton, J. W., linnenborn, V. J. and R. A. Lamontagne, "The Distribution

of CO between the Atmosphere and the Ocean," New Volk Academy of Sciences -
Conference on Biological Effects of Carbon Monoxide, 12-14 January 1970, New
York City.

'11. W. /slenard, "Crossiti of Drifting Vc4canoes." Joutnal Geophyskal Re.
carets, vc4. 4, No. 20, pp. 4827-4837, 1969.
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Analysis of a series of cruises from the joint Nav-Smithsonian Institution's
"Ocean Acre" program indicates that the vertical distributions for a num-
ber of critical species of fish and cephalopods demonstrate behavioral varia-
tions relevant to known characteristics of the deep scattering layers." Of
the numerically important species taken in the collections, some show clear
evidence of del mi3ration patterns, while others have been identified as non-
migrants.

A report has been completed of the geomorphology of the Midd!e Atlantic
Continental Shelf region from Cape Cod to Virginia." This report supple.
ments 15 previously published large scale bathyinetric maps of this region
that were prepared by the Bureau of Commercial Fisheries. The report de-
scribes the shelf configuration and sediments and discusses its evolution
and the processes invoked in its formation. These charts will be extremely
useful to fishermen in locating more precisely the kinds of bottom (Pi which
certain valuable resources concentrate.

The first rearing into the larval stage of the eggs of any species of tuna
was accomplished at the BCF Tropical Atlantic Biological Laboratory."
Eggs of the little tuna, Euthynnui, caught in the Gulf Stream off Miami,
Florida, were brought into the laboratory where they were hatched and
the larvae reared to 20 days of age by feeding them on plankton. This allows
scientists for the first time to identify the very early stages of the little tuna.

Finally, experiments in the possible hybridisation of selected Atlantic and
Pacific fish species indiote that this process can occur should certain migra-
tory patterns be established." These results indicate that further investiga-
tion is warranted, especially in view of the possibility of a sea-level canal
between the Atlantic and Pacific Oceans.

Funding for the many and varied programs of U.S. marine research is
shown in figure XI-2 and the distribution of funds to the major oceano-
graphic laboratories is illustrated in figure XI-3.

The DIstributIon of Research

In 1968, the Marine Sciences Council designated the Science Information
Exchange of the Smithsonian Institution as the national information center
for unclassified, current marine science information. Specifically, the Ex-
change undertook the responsibilities for receiving, compiling. cataloging,
and disseminating infomiation concerning unclassified, ongoing research
and development activities in the marine sciences.

"U.S. Navy Underwater Sound Laboratory, New London Conn. (Contract
NO0140-69 -C-0166).

"Franklin Steams, "ft.thyrnetrk maps and geomorphology of the Middle Atlantic
Continental Shelf," U.S. Fish and kVildlife Service, Fishery Bulletin, vol. 68, No. I,
pp. 37-66, 1969,

" Ifensde, Edward P., and William 3. Richards, "Rearing Larval Tunis in the
Laboratory" Commercial Fisheries Review, st+I. 31, No. 12, pp. 32-14, 1969.

"Rubinol, R. W , and Ira RubinelT, "inte.-oceank Colonisation of a Marine Corby
through the Panama estial," Nature, vol. 217, No. 5127, pp. 476-478, February
1968.
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Figure )0-2Funding for Oceanographf: Research
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As an initial project, the Exchange undertook the development of an
inventory of Federal and non-Federal organisations with ocean-related
research and development projects, publishM a; "Marine ResearchFiscal
Year 1968." This inventory contains descriptive summaries of 2,589 unclassi-
fied projects underway during the fiscal year 1968; the document repre-
sents a baseline from which national in. entory of on-going research tan be
maintained.

In addition to seining as a project reference tool, IF- catalog reveals cer-
tain information about the geographic distribution of categories of research
and development, amount of funds involved, and sponsors for these projects.
Thus, States and regions ssith active academic institutions in proximity to
coastal or lake areas, or with industrial interests in the sea, receive the bulk
of project funding. Of the 41 States and territories receiving Federal support,
15 arc the most active participants in the program by performing 66 per-
cent of these projects while their Federal and State laboratories perform
approximately 90 percent of all government in-house research and develop-
ment projects. 1 able XI-2. developed horn information contained in the
catalog shows the distribution of research and development grants for fiscal
year 1968 within the territorial United States.
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Figure XI-3Distribution of Funds to Major Oceanographic Laboratories
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Manpower, Training, and Education

The training and education of personnel needed for the Nation's marine
research and engineering development programs pose a continuing challenge.
The range of skills and levels of competence needed is extraordinary. Most
of the major scientific and engineering disciplines are involved, and tcluca
tional levels from support technician to research scientist.

In the early stages of the development of the federally supported marine
sciences program, one of the primary objectives was to build and restructure
the sources of trained personnel. The rationale for this action, which is still
valid today, etas that the future course of oceanography and the "ocean
related" fields required more and better trained people at all levels, for
program management as well as to carry out the ambitious programs en
visioned for the 1960-70 decade."

The Marine Sciences °maned publication, '"University Curricula in the Marine
Sciences and Related Fields," lists university courses in basic marine sciences, enti
netting, and asacc:ated Fields throughout the United States
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Table X1-2Marine Science Research and Development Projects I
it 5 most active arras fiscal year 1:0]

Local Son
Federally

supported r
grants

Federal-Staley
In -house projects Total projects

California 280 116 3%
District of Columbia ..... .. .... .. 22 323 345
Massachusetts 197 31 228
New York 154 16 170
Florida 119 37 156
Washington 81 69 150
Oregon 06 23 119
Alaska 26 64 90
Maryland 31 46 77
Rhode Island 37 38 75
Connecticut 39 31 70
Hawaii 26 44 70
Michigan 48 22 70
North Carolina. 43 23 66

52 12 64

Total 1, 251 895 2. 146

Source "Marine Research. Fiscal Year 19GS.- National Council on Marine Resourccs and Engineering
Development. July lYfe.r.

I Total Federally Suppoeted Grants-1.564
3 Total Federal-State In-house Prcdect.-1.023.

As a consequence of this conscious effort to enhance and augment the
necessary pool of talent, the emphasis given to graduate and undergraduate
training evidences a handsome return in ongoing academic programs and
availability of manpower. This is shown in figure XI-, indicating the results
of Federal investment during the 1960's.

The introduction of newly trained personnel, plus the gain from scientists
and technicians transferring into marine activities from other fields, has
greatly eased the former manpower shortage in most marine science areas,
permitting a high degree of selectivity in personnel utilization. This has
been apparent in the growth of faculty for marine sciences courses taught
at the university les-el which has been responsive to the growth in student
interest as reflected in the rise in university enrollment (fig. X1-5). Although
there has been significant manpower growth in the areas which are as-
sociated with traditional classical disciplines, there has also been a rapid
expansion 4n applied areas. In addition to the over 3,000 students enrolled
at all levels in oceanography and related marine sciences (kids, the En-
rollment Analysis also identifies 1,860 students in marine-related basic sci-
once, 1,101 in ocean engineering and marine-related basic engineering. 887
in naval architecture, 770 in marine food and fisheries science and 1,910
in marine operations and marine technology. Enrollment in associate de-
gree and technkian training courses accounts for 942 students who are
not included in the growth curves in figure XI-5.

The market potential for marine sciences graduates at all kvrls. and for
trained manpower in general, is becoming dearer. 1 here are two reasons
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Figure XI -5 Degrees Awarded In Marine Sciences
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for this. As indicated, the academic manpower pool has grown to meet most
current requirements due to the fruition of continuous Federal program
support to numerous institutions, The second factor is the very close re-
lationship of job opportunities to Federal funding in marine-related ac-
tivities. Currently funds for research, development technology and engineer-
ing in support of marine sciences and engineering are providing for limited
expansion above cost-of-living increases; this has had the effect of stabilizing
available job opportunities in the face of rising personnel availability in most
fields.

Federal support of education in the marine sciences is carried on primarily
through the programs of the National Science Foundation, and the Depart-
ment of Health, Education, and Welfare's Office of Education; NSF support
ranges from secondary school student programs through the university under-
graduate and graduate levels. The Office of Education provides assistance
for trade and vocational education, college teacher fellowships, plus facilities
and equipment grants in support of marine science programs. In addition,
the Smithsonian Institution provides stipends for academic year and summer
research training. and a significant part of the research grants and contracts
of several other agencies with universities and research institutions is used to
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support graduate students. The Office of Naval Research supports approxi-
mately 200 graduate students involved in research projects at oceanographic
institutions. Agency support of these programs is as follows:

-r dollars'

FY 1969 FY 1970 FY 1971

Department of Health, Education, and Welfare.. , , I. 3 1. 1 0. 8
Department of the Interior (t) (i) (r)
Smithsonian Institution (1) (i) (i)
National Science Fc,undation 2 3. 5 5. 2 5. 5

Less than $50,000.
I Sea Grant funds also support education and Laining (Table VII-1).

The Departments of Commerce, Defense, and Transportation provide
graduate training and education for their civilian employees, to aid in
career development. In addition, the Navy has a 2-year course in oceanog-
raphy as a part of its Naval Postgraduate School at Monterey, Calif., and
also sends selected officers to civilian universities for further specialized
education. The Naval Oceanographic Office trains some 30 scientists an-
nually, primarily foreign officers and civilians, in basic and applied oceanog-
raphy and hydrography under funding support from the Military Assistance
Program, the Agency for International Development, the United Nations
Educational, Scientific and Cultural Organization and other sources. The
Coast Guard operates a school of 21-weeks duration for its enlisted personnel
to train oceanographic technicians. Agency funding of these programs is as
follows:

[In millions of dollars'

FY 1969 FY 1976 FY 1971

Department of Commerce 0. 1 O. 1 0. 1
Department :I Defense 1. 7 1.8 1.6
Department of Transportation 0. 1 0. 2 O. 2

Particularly encouraging from a long-range viewpoint is the increasing
number of elementary and secondary schools which now include courses
in their curricula to give students an overview of the oceans and their
influence on mankind. Among the many school systems which have taken
this forward step are Orange County, Calif., Cocoa Beach, Fla., and Kittery,
Maine. In addition to the work carried out within the elementary curricula,
several marine-oriented societies and private institutions have been actively
supporting student activity in this area. The Marine Technclogy Society, the
American Association for Oceanography, and the National Oceanographic
Association have fostered a number of educational activities related to
student awareness of the marine environment, and organizations such as
Woods Hole Oceanographic Institution an 1 the International Oceano-
graphic Foundation have actively distributed information and advice to sec-
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ondary and elementary school systems. Finally, each university under Sea
Grant institutional support, as part of its advisory service mission, furnishes
information to agencies, schools, industry, and the general public.

It is becoming apparent, in view of present fiscal conditions which do
not permit the development of national marine sciences programs at
the rate projected 3 or 4 years ago, that the average student graduating
with a B.S. degree may find it necessary to proceed directly into a marine-
oriented graduate program in order to compete successfully for professional
positions. Current trends in ( can use will be reflected in projected train-
ing programs which are oriented toward developing more broadly-based
environmentally-oriented marine scientists. This is a natural response to
the projected national requirements as the Nation turns toward the utiliza-
tion of the coastal zone and environmental problems.
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Chapter XII

STRENGTHENING MILITARY PROGRAMS
FOR NATIONAL SECURITY

Seapower in its broadest sense is indispensible to the achievement of the
Nation's broad security, foreign policy, and economic and social goals. Free-
dom of the seas must be maintained to protect the United States from attack,
to sustain our allies, to project our military power by sea when necessary, and
to protect ocean commerce. The mobility and concealment provided by sea-
based strategic nuclear forces makes them more survivable than fixed systems.
Sea-basing tactical forces, such as attack carrier, antisubmarine 'warfare, and
amphibious striking groups, offers a valuable alternative to the use of overseas
bases.

The marine science programs of the Department of Defense, and par-
ticularly those of the Department of the Navy, are designed to provide
the ocean science, engineering, development and operational techniques
required for the conduct of assigned national security missions throughout
the marine environment. Military marine science programs are thus directed
toward enhancing U.S. capabilities for strategic deterrence, antisubmarine
operations, support of amphibious operations, mine warfare, surveillance
of the oceans, operations to protect essential shipping, and limited ground
action.

Antisubmarine warfare, however, more than any other form of naval
operations, is critically dependent upon oceanographic conditions. The
Navy's work in this field typifies the application of oceanography to practical
problemsthe quest for scientific insight through research; improvement
of equipment, data facilities, and techniques through development efforts;
operational utilization, coupled with progressive system improvements; and
finally, relation of benefits to nonmilitary programs.

The first antisubmarine warfare (ASW) application of underwater acous-
tics occurred in 1914 with the use of listening hydrophones to detect enemy
submarines, and about the same time, echo ranging was used in attempts to
detect icebergs. After a half-century, sonic ranging (active sonar) and
listening (passive sonar) are still the backbone of antisubmarine warfare.
The increasing sophistication of detection and weapon systems amplified
their dependence on environmental informat on, particularly water tem-
perature, to a level which could no longer be disregarded. This dependence
led first to the development of the bathythermograph, which rapidly samples
the thennal structure, and then to the application of statistical, atlas-type
environmental information, to the prediction of sonar detection conditions.
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As more understanding wa. gained of the complexity and variability of the
ocean it became apparent that these approaches were not fully adequate
for operational purposes. The controlling environmental conditions have
to be described on a broad, synoptic basis, and even more important, pre-
dicted for the future.

To develop an integrated system to observe, analyze, predict, and display
oceanographic conditions which apply to ASW operations, resources for
basic research at universities and applied research and development at Navy
facilities were marshaled in 1959. Techniques were developed for forecasting
many of the ocean's variables, and for applying these forecasts to specific
operational ASW problems.

Antisubmarine Warfare Environmental Prediciton

The major effort dedicated to ocean environmental prediction in support
of fleet sonars is the AntisubMarine Warfare Environmental Prediction
Services (ASWEPS) program. Initially developed by the Naval Oceano-
graphic Office, ASWEPS was implemented as an operational oceanographic
prediction system in 1966 by the Naval Weather Service Command and has
since been continuously improved and expanded to provide fleetwide
oceanographic services. Through this system, data gathered by the fleet
and other sources are analyzed at oceanographic centers ashore. Charts of
various oceanographic parameters are then sent in real time to ASW
groups at sea where they are converted into sonar effectiveness information.

More recently, computers at shore-based facilities have been used to
integrate oceanographic and weather data with sonar equipment factors.
Sonar range predictions are then calculated and transmitted directly to fleet
units. This has eliminated the need for transmission of some of the basic
charts, and reduced the need for trained environmentalists aboard ship to
interpret them.

The predictive system operated by the Naval Weather Service comprises
a network of 33 activities that produce environmental predictions for the
northern hemisphere oceans. The Fleet Numerical Weather Center at
Monterery, Calif., is the hub of the Naval Environmental Data N twork
which /inks the computer facilities used in the collection, processing and
dissemination of oceanographic and meteorological data and predictions.
Large-scale automation is currently improving and expediting the system's
output.

Forecasts provided include: sea and swell; subsurface current speed and
direction; sea-surface temperature patterns; mixed layer depth ; vertical
profiles of temperature and sound velocity, sea ice conditions, optimum
tracks for ship routing, and special factors relating to underwater surveillance
programs. Various combinations of these factors are furnished as required
by antisubmarine warfare and other fleet operations.

Although environmental and sonar range prediction are being used ef-
fectively now, continuing improvement is required. The most severe limita-

168



tion on the predictive system at present is the inadequacy of the environ-
mental data input. As impro%ed instrumentation is installed on ships, air-
craft, and buoys, the quality and quantity of synoptic oceanographic ob-
servations will he greatly enhanced and the data base improved. New and
revised forecasting models will be further exploited through the more ex-
tensive use of computers, and their performance checked both by fleet use
and research experiments.

Although this prediction program is designed and used primarily for
ASW purposes, several side benefits are being derived from the program.
The Bureau of Commercial Fisheries, for example, is making use of the
Navy's sea surface temperature predictions to guide fishermen into those
areas where thermal conditions are most favorable. An agreement between
the Department of the Navy and the Department of the Interior provides
for joint cooperative efforts to study aspects of the ocean that are of mutual
concern. One such cooperative effort is a study of "false targets" related
to biological activity. From this study, the Navy will derive means to predict
false targets, while the Bureau of Commercial Fisheries will gain information
on potential fish resources. In another side benefit, liSSA's Weather Bureau
has adapted numerical sea and swell prediction methods developed under
this program to produce a standard product available to the general public.

To improve the capability in gathering and processing data, the pro-
gram has also sponsored the development of new equipment such as ship-
board and airborne expendable bathythermognyhs, the airborne radiation
thermometer, airborne and shipboard wave meters, an automated ship-
board forecasting systern, and the 40-foot-diameter "monster buoy" as
well as smaller buoy platforms.

As predictive techniques, instruments, and systems reach advanced de-
velopment and successful evaluation, they are made available for fleet use
Through the process of testing and evaluation by the users, improvements
are effected to assure that forecasts are reliable and presented as useful
tactical indices for the on-scene commander.

The Sccpe of the Navy's Program

The Navy's oceanographic effort includes virtually every area of marine
endeavor, and it has pioneered in many sectors of ocean science, engineering
and operations. To further enhance the management of these efforts by
providing strengthened organizational relationships, three major administra-
tive actions were accomplished in the past year. In one, the Commander,
Naval Weather Service Command, who is responsible for operational fore-
casting of the ocean environment for Navy needs, was designated as the
Assistant Oceanographer for Environmental Prediction Services. lie co-
ordinates the collection and processing of synoptic data for short-term fore-
casting of ocean variables such as thermal structure, sea, swell, surf, and
sea ice, and provides to the fleet the special analyses and forecasts necessary
to support specific operations such as tactical ASW, amphibious landings,
sea lift transits, and search and rescue.
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The second action was the establishment of a Deep Submergence Sys-
tems Project Coordinator within the Office of the Chief of Naval Opera-
tions, charged with responsibility for the operational aspects of undersea
search, rescue, salvage, and diving. In the third action, the Supervisor of
Salvage was designated by the Naval Ship Systems Command as the Di-
rector if Diving, Salvage, and Ocean Engineering Projects to serve as the
focal point for such efforts within that organization.

The importance of oceanography to the Navy in its long-term plans was
emphasized in July 1969 when the first selection of officers into the new
special duty category of Geophysics. (Oceanography/Hydrography) was au-
thorized. In December the first 41 officers from the fleet were selected, and
planned total strength of the specialist group is 150.

Department of Defense funds proposed, which are categorized in this re-
port as programs specifically for national security, amount to $116 million,
about 22 percent of the total marine science budget. Overall, this represents
a net decrease when compared with fiscal year 1970. Selective growth is
reflected by increases in ARPA support of DOD requirements for an Arctic
surface effects vehicle, by Navy emphasis of applied research in support of
ASW, and in the construction of two small oceanographic utility vessels to
replace aging and obsolete ships at universities which carry out Navy re-
search projects. Offsetting decreases occur in such areas as Navy's opera-
tional surveys and deep submergence developments. Major allocations of
these fundsin fiscal year 1971 are:

umiak
Research, development, technology and engineering $104
Operations 18
Investment 27

These data do not include information on the Navy's surface effects ship
program, which amounted to $3.3 million in 1969, is estimated at $7.9 mil-
lion in 1970, and is included in the President's budget request for 1971 at
$20 million. The Navy oceanographic program amounts to $210.2 million
in the fiscal year 1971 budget request. Efforts within this program are re-
lated to national security. While the Navy engages in oceanographic activi-
ties because of operational requirements, programs for military security
also contribute substantially to the entire spectrum of national oceanic
involvement. Various aspects of the Navy's overall program arc discussed
in other chapters of this report.

The knowledge gained from military programs is, to the maximum ex-
tent consonant with security considerations, made available in unclassified
form for general use by Government, industry, and academic scientists and
engineers. The Navy's program in mapping, charting and geodesy produces
charts and publications which not only meet military needs for navigational
materials, but also fulfill the Navy's statutory obligations to provide such
services for mariners generally. All bathymetric data which would not com-
promise classified ship operations or installations are routinely made available
for public use. Other fundamental oceanographic data, with very few ex-
ceptions, are also channeled to potential users, primarily through the National
Oceanographic Data Center.
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The Navy's comprehensive program in materials development, the most
comprehensive in the Nation, provides knowledge for private shipbuilders
and Federal maritime agencies such as ESSA, the Coast Guard, and the
Maritime Administration. Navy developments in navigation, which have
ranged from submerged acoustic positionkeeping devices to global systems
for precision ship location by satellite and VLF radio, have been released for
scientific and commercial use. Environmental knowledge of the Arctic,
collected by the Navy and the Corps of Engineers, has been made available
to commercial developers of Arctic shipping. The programs of the Advanced
Research Projects Agency, directed toward detection of underwater nuclear
explosions, provide knowledge of the earth's crust and its energy transmission
characteristics which is relevant to earthquake studies and volcanology.

From the standpoint of science and technology, however, it is difficult to
separate those portions which also support nondefense goals in addition
to their military mission. Therefore, military marine science efforts which
make substantial contributions to other national needs are described in
other chapters of this report to give a coherent picture of all Federal efforts
in the relevant field of marine science activity.

The Navy's Hydroskimmer (SKMRI) is being used as a research and operational
test vehicle. Built by Bell Aerospace the 35-ton craft is the largest air-cushion vehicle
constructed in the United States.
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The Navy's Deep Submergence R.scue Vehicle (DSRV) is air transportable, to per-
mit its quick deployment to the vicinity of any fleet submarine casualty. Following
subsequent transport aboard a "mother" submarine or surface ship, it could be used
to locate and mate with a disabled submarine to effect personnel rescue and assist
in sakage operations.

At the same time, a number of programs in civilian agencies contribute
to improved Navy capabilities. The Environmental Science Services Ad-
ministration's nautical charts, and surveys conducted both by ESSA and
the Coast Guard, assist in meeting defense needs.

The Navy and Geological Survey have conducted a cooperative field survey
in the Gulf of Mexico, in which the Geological Survey provided competence
in geological and geochemical investigations which complemented Navy's
expertise in physics and acoustics. As a result, at the same time that data
needed for submarine and antisubmarine operations were provided, major
contributions were also made to the Nation's knowledge of the geology and
mineral potential of the Gulf.

Navy and ESSA have recently launched a concentrated cooperative geo-
physical survey of the mid-Atlantic, and of the Pacific coastal area off cen-
tral and southern California. Navy was also a major contributor to the
Barbados Oceanographic and Meteorological Experiment (BOMEX) co-
ordinated by ESSA. Such cooperative marine science interchanges are
encouraged to enhance the national ocean program and meet oefense-ori-
ented requirements.
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The U.S. Navy's nuclearpowered undersea research and ocean engineering vehicle
NR-1 was launched in January 1969. The NR-1's long submerged endurance and
large instrumentation capacity will brine a new dimension to the study of marine
problems,

in the Bahamas. Sea Cliff will be used in Navy research programs by the
Woods Hole Oceanographic Institution.

4. Instrumentation was installed to bring to eight the number of major
ships involved in the Navy's ocean research program now equipped with on-
board computer systems for real-time reduction of data. By providing results
immediately, these systems allow the scientist to make a preliminary analysis
of his experiment while on scene and to correct any unsatisfactory aspects.
While these systems currently find their most intense application in under-
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water acoustics, geophysics, and physical oceanography, it is anticipated t ha
they will be increasingly employed in other areas of marine science.

Undersea Recovery and Man-in-the-Sea

This portion of the Navy's comprehensive program in ocean Engineering
is intended to improve the Navy's deep ocean operational capability in sub-
marine rescue and escape, search and location, salvage and recovery, and
diving operations. The need for such a capability was first emphasized by
the loss of the submarine Thresher in 1963. This need was reemphasized in
1966 mith the loss of an unarmed nuclear weapon off Palomares, Spain, and
again in 1968 with the loss of the submarine Scorpion.

The systems under development in the deep submergence program re-
spond to Navy mission my ircm:nts for

(1) Submarine location, escape, and rescue;
(2; Object location and small object recovery;
(3) Nfan-in-the-sea:
(4) A nuclear-powered research and engineering submersible,

(NR-1) ;
(5) Large object salvage; and
(6) Deep Submergence biomedicine.

The submarine location, escape and rescue program is developing a sys-
tem which will give the Navy the capability to

(1) Locate a distressed submarine;
(2) Provide personnel escape techniques and equipment for indi-

vidual escapes from depths to 850 feet; and
(3) Provide an all-weather rescue system, operational to submarine

collapse depths using deep submergence rescue vehicles (1)SRV's).

Construction of the first !ARV is complete; the 'chicle was launched
in January 1970; and an extensive at-sea test program has commenced.
Fabrication of DSRV II is nearing completion, and its testing schedule
will follow that of 11SRV by about 6 months. OSRV 1 is scheduled to
mate with a simulated submarine in distress, then mate with and he trans-
ported by the test and evaluation submarine Salmon, which !sill be con-
figured as a DSRV "mother" submarine.

Two new catamaran hull submarine rescue ships, capable of transporting
and maintaining 1)SRVs, have been launched. The Pigeon ( ASR-2 I )
is scheduled for delivery in late 1970; it will be followed by the OrtoUti
(ASR-22) in early 1971.

The U.S. Navy has been evaluating the submarine escape and immer-
sion equipment being developed by the Royal Navy to determine its suit-
ability for use on U.S. submarines.

The development objective of the object location and small object re-
covery system is to develop the capability to locate and recover small objects
at depths as great as 20,000 feet. Ikvelopmcnt of net csvary fabrication tech-
niques and tests of structural and buoyancy materials are proceeding. 'The
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present capability for location and recovery of small objects at these depths
rests with the proven but limited bathyscaph Trieste 11. This vehicle viewed
and photographed the Scorpion hulk in greater than 10,000 feet of water
during a record 120 hours submerged, which spanned nine dives in a 7-week
operating period.

The Navy's man-in-the-sca project is directed toward developing new
equipment to permit men to live and do useful work underwater. Both
the Navy and private industry have cooperated indeveloping the equipment
and techniques by which divers can work for longer periods in the sea, at
greater depths, and with better tools and increased safety. Sonic aspects of
these activities arc discussed more fully in chapter VIII.

The Navy's Sealab Ill experiment has been the recent focal point of this
project. As a result of the many lessons learned, Sealab III has been restruc-
tured as a four-phase experiment. The first three phases involve the evalua-
tion of aquanaut equipment and techniques and the validation of biomedical
data at progressively deeper depths until a 600-foot capability has been
verified. The fourth phase will include the habitat living experiment; how-
ever, this phase has been delayed until fiscal year 1972 due to funding
limitations.

In support of man-in-the-sea goals. a program with Duke University
tested thermal protection systems for divers, under saturated diving condi-
tions, to simulated depths of 600 feet. Psychological tests were conducted
at water temperatures of 90" and 45° F. and indicated that with adequate
thermal protection and underwater breathing systems diver performance was
satisfactory.

The Navy's nuclear-powered research and engineering submersible,
NR-1, was delivered in October 1969, upon the completion of successful
sea trials. In addition to demonstrating the feasibility of nuclear propulsion
at deep depths, NR-1 provides a valuable capability to conduct extended
search, recovery, survey, and surveillance missions to her test depth. A shake-
down cruise is scheduled in 1970. to demonstrate the endurance and
performance of both the submersible and her crew. This will include sur-
veys of the ocean bottom, canyon navigation, visual inspection of a sunken
hulk, and other mission-oriented exercises preparatory to her operational

Tile large 1.4ct salvage system (LOSS) development responds to a Navy
mission requirement to be able to recover large objects, including intact
submarine hulls. from depths down to 850 feet, Culminating a 2year effort,
the related MK- 1 portable deep dive system was delivered and is now being
tested at progressively deeper deptsu down to 850 ((lc Air-transportable, this
system has been designed primarily to support worldwide salvage require-
ments from ships of opportunity. Feasibility studies, lift hardwire develop-
ment, and coordination with other deep Orem, projects is in pmgress to devise
an integrated salvage systems package.

In August 1969, the Navy successfully accomplished the largest deep
recovery on record. 'the deep submersible All in %, as tiros tied from a depth
of over 5,000 feet in the North Atlantic, where she had been lost almost a
year earlier. This recovery feat was primarily accomplished through the
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The Naty/Woods Holt research submersible Alvin is sees being recotera after almost
year on the bottom off the New England toast. A recovery learn of our /are ships

uorAei with the submersible Aluminant to Pettiest the research craft from ore, 3,000
feet of water,

cooperation of the Navy research ship Atha, and the commercial submer-
sible Alumina:it. The combination of great depth, long lift, and great weight
posed unprecedented problems. After several exploratory dives, Aluniihaut
attached a toggle bar to Altin's hatch which led to a VA-inch nylon lift line
led through the Ali:01's center well. Once surfaced, Alvin was suspended
under a salvage pontoon and towed homeward, in remarkably good con
dition after her long submergence.

The Navy has an integrated deep submergence biomedical development
program which has as one of its objectives the safe and efficient underwater
operations by divers to depths of 1,000 feet for periods of up to 30 days. The
Bureau of Medicine and Surgery has produced a development plan for at-
tainment of this objective by 1977. Total biomedical efforts now underway
support all facets of Navy's deep submergence program, including ambient
pressure diving and vehicle and habitat occupancy.

Ship Construction

The years 1970-71 mark the completion of a major transitional period for
the Navy's operational oceanograpLic fleetthe completion of the pro.
grained phasing out of obsolete converted military ships, manned by naval
iverionnel, and their replacement by new ships specifically designed and in-
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strumented for oceanographic work, and manned by Military Sea Trans-
portation Service civilian crews. In fiscal year 1971, 11 Navy ships will
be dedicated to the collection of operational oceanographic data, 'which
total includes the hydrographic mapping and charting effort described in
chapter IX.

During fiscal year 1970, two hydrographic siirvey ships, the USNS Kellar
and USNS Lee, became operational, and the USNS Chauvenrt is soon to
be delivered. In fiscal year 1971, the USNS Ilarkn -ss and USNS Wyman,
and one oceanographic survey ship, the USNS l ilkes, will be delivered.
Fiscal year 1970, however, will see one oceanographic and four hydrographic
survey ships permanently retired from service. Though the total number of
ships to be applied to ,,erational surveys is less in fiscal year 1971 than in
fiscal year 1968, the increase in efficiency achieved by the new platforms
should actually enhance the Navy's survey capability.

I addition to the survey fleet acquisitions, in fiscal year 1970 two new
oce,mographic research ships supporting on-going Navy programs, the
USNS DeStriguer and USNS Bartlett, became operational. They replaced
two older research ships which have been temporarily placed in reduced
readiness status. A new design oceanographic research ship, the USNS
Afelcille was delivered to Scripps Institution of Oceanography, and a sister
ship will be delivered to Woods Hole Oceanographic Institution by the end
of fiscal year 1970. The new catamaran-hulled research ship which will sup-
port Navy's on-going underwater acoustic program is scheduled for delivery
in fiscal year 197L

The fiscal year 1971 budget includes funds for two ships of a new, small
class (under 300 gross tons) to provide an economical, versatile platform
for the shorter cruises which make up a large proportion of oceanographic
ship research schedules. These vessels will replace ships of World War II
and older vintage now used by universities in carrying out Navy's programs.

The Advanced Research Projects Agency

To improve the ability to detect, locate, and identify underground and
underwater nuclear explosions, the Advarced Research Projects Agency
(ARPA) of the Department of Defense has for several ye an conducted
Project VELA. The portion of this research and development program in-
voking detection, location and identification of explosions in the ocean was
successful and has been discontinued.

Related study of the properties of the ocean that are relevant to onsite
inspection techniques for underwater nuckar explosions will be completed
by the end of fiscal year 1970. As part of the study a computer program
has been developed to simulate and predict the oceanographic evolution
of deep subsurface pools of contaminated water which might follow an
underwater nuclear explosion. A 250-ton detonation off the kutians on
September 6, 1970, concluded development effort on a prototype vessel
for large cargoes, and pnnided additional guidelines for the application
of calibration explosions to improve our ability to locate events taking
place in island arc structures.
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Ten ocean-bottom seismographs were deployed off the Aleutians to monitor
local seismic activity before and after the MILROW nuclear experiment
of October 1969, and to determine the extent of possible earthquake activity
induced by large-yield underground nuclear explosions. Eight of the units
were successfully recovered after the event, and data are being analyzed.

In concert with the Navy program, ARPA is also engaged in other ad-
vanced marine science military applications. Areas of particular interest
which ivill be investigated relate to (1) new technology for floating bases,
and (2) the attainment of Arctic mobility over the ice pack and adjacent
shores. Projects include

( 1 ) The development of an Arctic surface effect vehicle (SEV).
The Arctic has been picked for attention because of its significance to
national security. The polar region will be studied as an operating en-
vironment for the SEV and key Arctic technologies will be developed.
Conceptual design studies for mission-oriented vehicles will then be
initiated; and

(2) Design and technology studies for floating bases will continue;
some I /100 scale model testing will be carried out with more promising
concepts to be tested further at larger scales.

The United States earnestly hopes for and works toward resolution of
the international conflicts which may make defense measures necessary. Until
such efforts succeed there is no prudent alternative to the maintenance of
adequate protective forces and systems, and ocean science and engineering
are essential to enhance the effectiveness of these forces. The military ocean-
ography programs are tailored to support particular systems, in geographical
areas and on specific time schedules. The challenge to scientists and engineers
is to satisfy these overriding primary needs, to insure that the knowledge is
advanced and, to the maximum extent feasible, to use the data, technology
and research results available from other economic and scientific fields.
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Chapter XIII

EXPANDING INTERNATIONAL
COOPERATION AND UNDERSTANDING

The%vorld ocean washes the shores of more than 100 nations. Yet the
deep sea knows no political boundaries; it is inherently international. New
oceanic technologies arc also global, and as industry and nations use these
technologies for expliiration and exploitation and undertake activities more
intensively, farther and farther from shore, international interest in the
ocean increases.' As interests and operations increase and converge, com-
petition for resources grows. Thus international cooperation in ocean activi-
ties becomes important to foster world order and development and to
present and mitigate conflicts and rivalries.

International cooperation is also needed to obtain more and better infor-
mation about the oceans. Because of the size, complexity, and variability
of the marine environment, international cooperation in scientific investi-
gations is needed if many asprzts of the oceans arc to be studied in a
reasonably short and useful period of time. The United Statesand all
nationscan derive maximum benefit from the marine environment if
they share the responsibilities and the results of their collective capability
in ocean research.

A multinational approach to the peaceful uses of the seas is desirable and
necessary. The Marine Sciences Act calls for cooperation with other nations,
groups of nations and international organisations in marine science activi-
ties.' The United States is seeking to further international understanding
in its expanding activities in the oceans, to encourage other nations to

' The increasing worldwide activities in marine science affairs are described in the
following five Marine Sciences Council publications: "Marine Science Activities of
the Nations of Africa," "Marine Science Activities of the Nations of East Asia,"
"Marine Science Activities c1 Canada and the Nations of Europe," "Marine Science
Activities of the Nations of Latin America," "Marine Science Activities of the Nations
of the Near East and South Asia." These and other Council publications are listed
in app. C-3.

'As international policy objectives, sec. 2 of the art states: "The preservation ct
the tole of the United States as a leader in marine science and resource development."
Also, ". The cooperation by the United States with other nations in
marine science activities when such cooperation h in the national interest." Section
6 of the act states: The Council, under the foreign polity guidance of the President
and as he may request, shall coordinate a pri-gram el international cooperation in
welt done pursuant to this Act, pursuant to agreements made by the President with
the adsice and ensent of the Senate."



determine how the oceans can contribute to their development, and to
promote cooperative endeavors by

(1) Encouraging increased cooperation among ocean scientists of
all nations and broadened dissemination of scientific results;

(2) Collaborating with other nations in developing and using new
marine technologies within a framework of mutual benefit;

(3) Encouraging the developing nations to use the oceans and
their resources to foster economic progress, recognizing the need for
assistance from many nations and international organizations;

(4) Supporting the activities of the many organizations of the
United Nations system and other international organizations engaged
in oceanic activities;

(5) Fostering cooperation among nations in exploring the oceans,
sharing the costs and the benefits;

(6) Developing an effective and just code of international law
which will preserve the traditional freedoms of the seas, insure that
nations have equioable opportunities to participate in and share the
development of the wealth of the oceans, and anticipate and prevent
potential conflicts arising out of expanding national interest in the
marine environment;

(7) Fostering international legal, financial, and political arrange-
ments to promote investment in maritime development and facilitate
a fruitful partnership between public and private interests in maritime
matters;

(8) Taking steps to reduce pollution and other activities which
could adversely affect the global ecological balance;

(9) Cooperating in development of proposals for arms limitations
on the seabed and ocean floor;

(10) Encouraging all nations at a policy level to examine their
interests in the ocean and strengthen their capabilities and to partici-
pate in multilateral endeavors; and

(11) Fostering cooperation among neighboring nations to meet
common interests and problems.

This policy framework reflects the many distinctive contributions that
ocean activities can make to U.S. foreign policy goals: enhancing the pros-
pects for peace, strengthening the world economy and providing new oppor-
tunities for developing nations, promoting regional cohesion, and providing
new wares of protein for the expanding world population. It is also con-
sistent with the recommendations of the Commission on Marine Science,

The following Council contract reports discuss many of the international law
considerations of importance to the marine environment: "Law for the Sea's Mineral
Resources," "Comments on Fishery Policy and international Law," "international
Legal Probkms of Scientific Rettstch in the Ocean," The Role of Sfirine Sciences
in Multipk Use of Lakes Erie and Superior." These and ether reports prepared by
contractors for the Council are listed in app. C-2.
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Engineering and Resources that the United States propose a new interna-
tional framework (principles, rules, procedures, and institutions) for
exploring and exploiting seabed mineral resources and for pursuing scientific
inquiry in the oceans

Developing such a policy framework, particularly regarding jurisdiction
over the deep seabed, involves a number of considerations of national
interestsecurity, economic growth, incentive for private investment, bal-
ance of payments, scientific retearch, aid to developing nations and others.
These diverse interests find their advocacy in different departments of the
Federal Government. Conflicts in viewpoint are inevitable and understand-
able in view of legitimately differing missions and responsibilities. To assist
in formulating tonsistent Government-wide policies of international interest
the Committee on International Policy in the Marine Environment con-
tinued to examine the major international ocean policies. The Com-
mittee assists the Secretary of State in advising the President and the Marine
Sciences Council.

Preventing a Seabed Arms Race

One of the Nation's principal international initiatives in the oceans during
1969 was that taken to assure that the seabed remains free from the nuclear
arms race. This objective was pursued within the forum of the Eighteen
Nation Disarmament Committee in Geneva, which grew to 26 nations and
was renamed the Conference of the Committee on Disarmament during
the year. In March, the U.S. delegation entered these discussions with
instructions from the President to work toward a seabed arms control agree-
ment. Discussions were subsequently held to consider United States and
Soviet draft treaties. In October the United States and Soviet delegations
agreed on a draft Leah, nmoosal under which parties to the treaty would
trrdertake not to implant or (nit-Aare on the seabed and the ocean floor
acrd in the subsoil thereof bevoni the maximum contiguous tone any objects
with nuclear weapons or any other types of weapons of mass destruction
as well as structures, launching installations or any other facilities specifi-
cally designed for storing, testing or using such weapons.

In the fall the United States-Soviet draft was considered by the Con
(creme of the Committee on Disarmament, the U.N. Seabeds Committee.
and the U.N. General Assembly. This draft was discussed in detail; suggested
changes proposed by many nations were considered; and the General Assem-
bly referred the Draft Treaty on the Prohibition of the Emplacement of
Nuclear Weapons and other Veapons of Mass Destniction on the Seabed
and the Ocean Floor and Subsoil thereof back to the Disarmament Con-
ference for further work and completion if possible.

' The text ni the U.N. resolution and the draft treaty are presented in app. D-2.
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Developing a Legal and Political Framework for the Seabed

An oceanic issue of pr'mary importance before the world's nations is that
of the legal status of the seabed and deep ocean floor. In 1969, most discus-
sions of the political and legal seabed framework took place in the U.N.
Seabeds Committee,' established in the fall of 1968 by the U.N. General
Assembly, and in the Political Committee of the General Assembly.

The Seabeds Committee met in March, August, and November of 1969.
Its report served as the focal point for the General Assembly debates on sea-
beds. The legal subcommittee of the Seabeds Committee devoted primary
attention to carrying out the mandate of the 23d General Assembly: To
formulate legal principles which would promote international cooperation in
the exploration and use of the seabed..lt made progress toward this goal by
synthesizing certain legal principles for the seabed and ocean floor beyond
national jurisdiction. The United States, since first presenting its own set of
draft principles on June 28, 1968, has strongly advocated the need for an
international agreement on a set of principles. The Seabeds Committee will
continue to work toward agreement on these principles at its next session in
March 1970.

The U.S. principles state that no nation may claim or exercise sovereignty
or sovereign rights over any part of the deep ocean floor, that internationally
agreed arrangements should be adopted as soon as practical to govern
exploitation of deep ocean floor resources and that an internationally agreed
precise boundary should be established for the deep ocean floor. They also
set out guidelines for the conduct of the activities of states and their nationals
on the deep ocean floor.

The economic and technical subcommittee of the U.N. Seabeds Com-
mittee focused its attention in 1969 on a report submitted by the U.N.
Secretary General setting forth an analysis of possible types of international
organizational machinery which might govern exploitation of the deep
seabeds. At the August session, the United States put forward a position on
international machinery, stating that such machinery, as a part of an inter-
national regime, could include an international registry of claims governed
by agreed criteria and supplemented by appropriate procedures. Under
such machinery, governments would be responsible for adherence by their
nationals to internationally established criteria, and the system would require
adequate procedures for verifying compliance. The U.S. representative
pointed out that no more and JCSS machinery should be created than
would be required.

In these seabed discussions a number of developing nations suggested the
need to create an hternational agency which %%could regulate and control
seabed exploitation. A few countries suggested that the international
authority should itself engage in exploitation.
imr.111

The establishment of the Seabeds Co' nunittee and the nature e4 its it year of
wori are reported in ch. 111 of the Council's third annual report, 'Marine Science
AffaksA Year of Broadened Participation." January 1969.

'The Draft Resolution of Principles supported by the United States in the U.N.
Ad Hoe Seabed Committee are published in apppp. C-2 of "Marine Science Affairs
A Year of Broadened Participation," the Couneirs third annual report, Januarr'1169.
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In November the Seabeds Committee discussed the Draft Treaty on
Prohibition of the Emplacement of Nuclear Weapons and other weapons
of Mass Destruction on the Ocean Floor and the Subsoil thereof, which was
then before the General Assembly for consideration. But the Seabeds Com-
mittee did not seek to arrive at any conclusion or recommendations.

In the fall of 1969 the 24th U.N. General Assembly reviewed the Seabeds
Committee's report and debated it at length in the Political Committee. In
Ikcember, the Assembly adopted four resolutions 2574 A-I) (XXIV), on
seabeds

(1) Requesting the Secretary General to ascertain the views of
member states on the desirability of convening at an early date a Law
of the Sea Conference dealing with the full range of law-of-the-sea
issues, including the seabed;

(2) Referring substantive seabed issues entrusted to it back to the
Seabeds Committee and asking the Committee to prepare a comprehen-
sive, balanced set of principles in time for the 25th General Assembly;

(3) Requesting the Secretary General to prepare a further study
on various types el international machinery, particularly a study on
machinery with extensive powers; and

(4) Declaring that states and persons, physical or juridical, are
bound to refrain from all activities of exploitation of the resources of
the deep seabeds, pending the establishment of an international
regime.'

The United States opposed the first of these resolutions because it believes
that treating all of the law-of-the-sea issues, including seabeds, at a single
Law of the Sea Conference would only increase the difficulty of making
progress on any of these issues. The United States cosponsored the second
resolution, because it c-snsiders that the Seabeds Committee is the proper
international forum for performing the in-depth work necessary to move
forward on important seabeds issues. On the third resolution, the United
States took the view that a further study by the Secretary General would be
a useful supplement to his earlier report. The U.S. representative stressed,
however, that the report should be balanced and not weighted in favor
of one type of machinery as compared with other possibilities. The United
States strenuously opposed the fourth resolution, which amounted to a
call for the prohibition of all further exploitation of the deep seabed'.
pointing out that such a freeze would be unwise and could spur initiatives
for national extensions of jurisdictions over the seabeds. The United States
olrerved that the resoNtsion also ran contrary to the spirit of Resolution 2467
(XXIII), which had created the U.N. Seabeds Committee to promote
international cooperation in exploration and exploitation of the seabed'.

In developing its position for discussing substantive issues in the U.N.
Seabeds Committee and in the General Assembly, the Government consulted
with Members of Congress and the public. In 1970, Match and August
sessions of the U.N. Seabeds Committee are scheduled.

4011101

' The teats 4 the U.N. resolutions of I%9 are overented D-I.

IBS



Broadening Marine Science Activities of the U.N. Agencies

The United Nations and specialized agencies of the U.N. system have
continued to expand their activities in marine sciences on a worldwide basis,
with the substantial support and the participation of the United States. No
single international organization provides a complete overview of ocean
activities. But over the past year, cooperation and coordination among the
various U.N. organizations involved in ocean affairs have improved signif-
icantly. The U.N. General Assembly has maintained continuing interest
in marine science activities and has encouraged dose working relations
among agencies in the U.N. family. The extent of U.S. participation in
selected intergovernmental organizations marine prograws is listed in
table X111-1. Figure identifies U.N. bodies with major responsi-
bilities in the marine sciences.

The United Nations 24th General Assembly adopted three resolutions
celcerning marine science.' A resolution on marine pollution requested a
review of the harmful, chemical, radioactive, and waste substances in the
ocean; a report on national and international efforts to prevent and control
marine pollution; and a survey of the views of member states on whether
international treaties on marine pollution ate desirable and feasible. A
resolution on marine coordination suggested that the Economic and Social
Council's (ECOSOC) committee for program and coordination might
examine the need for a comprehensive review of U.N. activities relating to
the oceans, including marine science activities. The General Assembly also
adopted a resolution expressing appreciation for the Intergovernmental
Oceanographic Commission's (IOC) Comprehensive Outline of the Scope
of the Long-Term and Expanded Program of Oceanic Exploration and

Figure XIII-1U.N. Beene. With RosponsibIlltiet in the Merino Sciences

The texts of the U.N. resolutions are presented in app 1)1.
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Table XIII-1U.S. Contributions to Selected intergovernmental
Organizations for Marine Programs

11n thousands of dollars)

Fiscal year
1969

Fiscal year
1970

Fiscal year
1971

Food and Agriculture Organization:
Regular budget I, 026 1, 026 I, 058
U.N. development program 3, 360 3, 800 4, 260

FAO subtotal 4,386 4,826 5,318

U.N. Educational, Scientific and Cultural
Organization: 2

Regular budget 110 131 131
U.N. development program 77 114 114

UNESCO subtotal 187 245 245

International Maritime Consultative Organ-
ization:

Regular budget 103 1 1 1 121
U.N. development program 79 79 79

IMCO subtotal 182 190 200
International Hydrographic Bureau: Regular

budget 15 16 16

Total 4, 770 5, 277 5, 779

Fisheries Department.
Oceanographic activities, Including Intergovernmental Oceanographic Commission.

Research. The resolution commended past cooperation among U.N. orga-
nizations in marine science and requested further cooperative efforts on the
part of member states and United Nations and other organizations in
implementing the program outlined by the IOC.

In 1969, ECOSOC considered several reports relating to marine science.
It approved and decided to publish as a U.N. publication "Mineral Re-
sources of the Sea," a completed and updated report on mineral resources
on and beyond the Continental Shelf. It also reviewed a report on "Marine
Science and Technology" which had been prepared in 1968 by the U.N.
Secretary General. The ECOSOC also considered the IOC's report on the
Long-Term and Expanded Program of Oceanic Exploration and Research.

During the debate on the latter report, the cooperation which has devel-
oped in the U.N. family relating to the Expanded Program was emphasized,
and it was announced that the U.N. was joining with UNESCO, the World
Meteorological Organization (WMO), the Intergovernmental Maritime
Consultative Organization (IMCO) and the Food and Agriculture Orga-
nization (FAO) in creating 1.n Intersecretariat Committee on Scientific
Programs Relating to Oceanography. ECOSOC also endorsed the role of
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IOC in connection with the scientific aspects of oceanography and decided
to request the U.N. Secretary-General, in cooperation with the specialized
agencies, to report regularly to the Council on progress in marine science.

During 1969 the IOC increased its activities in cooperation with other
U.N. agencies to fulfill its role as a focal point for planning and coordinat-
ing the Expanded Program. A Joint Working Party nominated by the
WMO, the Scientific Committee for Oceanic Research (SCOR) of the
International Council of Scientific Unions (ICSU) and the Advisory Com-
mittee on Marine Resources Research (ACMRR) of the FAO met in 1969
and drafted a comprehensive scientific report entitled "Global Ocean Re-
search." This report served as a base for IOC preparation in June and
approval in September of the Expanded Program outline. To equip itself
better to handle its expanded marine science activities and responsibilities,
the IOC adopted revised statutes and recommended increases in its level of
support. It also decided to accept an appropriate WMO scientific advisory
body as an advisory body to the IOC and to establish a group of scientific
experts to assist in developing and implementing the Expanded Program.

The IOC also discussed and adopted resolutions concerning other ocean
surveys and programs already underway or in planning by

(1) Adopting a General Plan and Implementation Program of the
Integrated Global Ocean Station System (IGOSS) ° for phase I, and
calling for continued U.N. agency support and cooperation for
IGOSS;

(2) Endorsing a recommendation by the International Coordination
Group for the Cooperative Study of the Kuroshio and Adjacent Re-
gions that a South China Sea Survey be carried out;

(3) Accepting rep3rts of the Coordination Group for the Coopera-
tive Investigation of the Caribbean and Adjacent Regions (CICAR) ;

(4) Calling for further work by its International Coordination
Group for the Southern Ocean and of the Joint Coordination Group
on cooperative Systematic Studies in the North Atlantic; and

(5) Adopting in principle the proposed Cooperative Invostigations
on the Northern Part of the Eastern Central Atlantic (CINECA) to
be implemented in cooperation with the International Council for the
Exploration of the Seas (ICES) and FAO.

The IOC continued its efforts to promote fundamental scientific research
in the oceans by reducing impediments to oceanographic research. In par-
ticular it sought to reduce restraints imposed by coastal states on oceano-
graphic. research off their shores stemming largely from concern about
potential development of ocean or continental shelf resources. The IOC
Working Group on Legal Questions Related to Scientific Investigation of
the Ocean prepared a draft resolution designed to assist scientists in obtain-
ing research vessel clearances for scientific research. After discussion and
modification the resolution was adopted by the IOC in 1969. Also the IOC
continued preparatory work on a convention which would regularize the

° IGOSS is contemplated as a worldwide system for observing the marine environ-
ment, communicating and processing the data, and disseminating the products in
'real time' for use by marine interests. IGOSS would be closely related to and coor-
dinated with the World Weather Watch programs.
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In September 1969, the Intergovernmental Oceanographic Commission adopted the
first phase Plan and implementation program for the Integrated Global Ocean Station
System (IGOSS) prepared by the second joint meeting, seen here, of the IOC
Working Committee for IGOSS and the WAIO Executive Committee Panel on Mete-
orological Aspects of Ocean Affairs.

lcril status of ocean data acquisition systems (ODAS), or instrumented
research buoys.

In the field of marine meteorology the WMO Executive Committee Panel
on the Meteorological Aspects of Ocean Affairs met in 1969, convened with
the IOC Working Group on IGOSS, and reported to the WMO Executive
Committee. The WMO gave particular attention to the integration of the
IGOSS program with the World Weather Watch.

In the field of marine pollution, a Joint IMCO, FAO, UNESCO, WMO
Group of Experts on the Scientific Aspects of Marine Pollution (GESAMP)
was established in 1969 to advise the sponsoring organizations and the IOC
on the scientific and technical aspects of marine pollution problems. This
group plans to develop and propose joint programs of action in marine
pollution. GESAMP may also provide, on request, specialized advice to
governments in cases of incidents involving marine pollution.

The Intergovernmental Maritime Consultative Organization (INICO)
met in 1969 and adopted a number of amendments to the 1960 Convention
on Safety of Life at Sea pertaining to safety equipment aboard ships. IMCO
also adopted a number of amendments to the Convention on Prevention
of Pollution of the Sea by Oil of 1954. The IMCO Assembly called for con-
vening an irrernational conference in 1973 on Marine Pollution and an
international conference on revision of the Rules for Prevention of Collision
at Sea in 1972. Under the auspices of IMCO the International Legal Con-
ference adopted two conventions in November dealing with the legal prob-
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lems of marine pollution by oil. One convention deals with the right of a
coastal State to take action on the high seas against a vessel that is polluting
or in danger of polluting by oil; the other convention deals with liability of
tanker owners for pollution damage by oil to a coastal State or coastal
victims.

The Food and Agriculture Organization (FAO) supports a broad range
of fishery projects in developing countries, far exceeding the scope of similar
projects supported through bilateral and other multilateral channels. The
extent of the U.S. contribution to these FAO projects is indicated in table
XIII-1.

The U.N. Economic Commission for Asia and the Far East (ECAFE)
continued its investigations of the Continental Shelves of four East Asian
nations, including surveys carried out with the assistance of U.S. Navy
ships and aircraft as part of the Navy's worldwide survey program.
In addition, initial steps were taken to establish a separate coordinating
committee for offshore prospecting in areas bordering the Indian Ocean.

Improving International Fisheries Arrangements

The basic international fisheries policy of the United States is to encourage
expanded and more rational use of the living resources of the sea for the
benefit of mankind. To this end, the United States seeks to insure the bask
freedoms cf the seas, including the freedom c: fishing, subject to the limita-
tions of sound conservation principles and the need to protect and harmonize
the particular interests of nations and of competing groups of fishermen. The
United States has strengthened its commitment to the use of tested mech-
anisms of international cooperation in fisheries, such as the international
fisheries commissions and multilateral and bilateral agreements, for con-
serving resources and avoiding conflict among fishermen of different nations.

The United States actively participates in nine international fisheries
commissions as listed in table XIII-2. These commissions carry out or
coordinate research on the biology and ecology of fishery stocks which yield
an aggregate annual harvest to the U.S. industry valued at about $300 mil-
lion at the fishermen's level. In keeping with its commitment to finding
cooperative solutions to international fishery problems, the United States
has joined in bilateral fishery agreements with a number of countries and
is engaged in negotiating additional agreements. Among the significant
developments in 1969 within the commissions and bilateral anangements to
which it is a party, the United States

(1) Renewed agreements with Japan and signed new agreements
with the U.S.S.R. concerning fishing activities, fishing gear conflicts
in the northeastern Pacific, and king crab fishing and cooperative
fishery research in the Bering Sea;

(2) Signed an agreement with Poland on conserving fish stocks and
protecting the interests of U.S. commercial and sport fishermen off the
Middle Atlantic coast;

(3) Agro-d to new arrangements with the U.S.S.R. covering fisheries
of the Middle Atlantic region, including cooperative fisheries research
projects;
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Ta'ale XIII-2U.S. Contri'mtions to International Fisheries Commissions

Internet lonq fishery corr.misslans
Percent

supported
by U.S.

Contributions Apploximate
value of

U.S. 1968
catch at

fishermen's
level

Fiscal year
1969

Fiscal year
1970

President's
budget

flscal year
1971

International Pacific Halibut Percent Thousand: Thoueande Thous(' nde Slftione

Commission 50 $206 $214 $260 $4
International Pacific Salmon

Commission 377 386 406 2
Inter-American Tropical Tuna

Commission 96 416 427 492 48
International Commission for

the Northwest Atlantic
Fisheries 7 6 7 7 137

International Whaling Com-
mission 6 1 1 1 l

Great Lakes Fishery Commission 68 1, 029 1, 319 1, 352 6
International North Pacific

Fisheries Commission 33 23 23 23 96
North Pacific Fur Seal Com-

mission 25 5 4 4 4

International Commission for
the Conservation of Atlantic
Tuna 1 13 10 10 3

Total 2, 063 2, 391 2, 555 301

Includes small amount for travel expenses of U.S. Commissioners DO their advisers.

(4) Joined in the entry into force of the International Convention
for the Conservation of Atlantic Tunas and participated in the first
meeting of the Commission established by the Convention;

(5) Participated in formulating proposals by the International Com-
mission for the Northeast Atlantic Fisheries for measures to conserve
the North Atlantic salmon and the endangered haddock and hake stocks
of the northwestern Atlantic;

(6) Joined in recommending a substantial increase, for the second
consecutive year, in the catch quota for Eastern Pacific yellow-fin tuna;

(7) Shared in improving arrangements for effective conservation of
North Pacific whales and lowering the catch quota for Antarctic
whales to a more rational level;

(8) Participated in extending the North Pacific Fur Seal Conven-
tion for an additional 6 years;

(9) Initiated negotiations with the Government of the Bahama
Islands for U.S. spiny lobster fishermen to continue their traditional
fishing and cooperation in conservation of the resource;

(10) Ratified the Convention on Conduct of Fishing Operations in
the North Atlantic, providing for good order on the fishing grounds
under international enforcement and for reduction of pollution by
fishing vessels;
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(11) Contributed to intensified measures to eradicate the predatory
sea lamprey in Lake Huron;

(12) Joined with other nations in two Protocols to the International
Convention for the Northwest Atlantic Fisheries which entered into
force, providing for international enforcement and more expeditious
implementation of conservation regulations; and

(13) Initiated discussions with Chile, Ecuador, and Peru to seek an
agreement to resolve the longstanding problem of seizures of U.S. fish-
ing vessels by those countries and to promote cooperation among the
four nations in fisheries research, development, and conservation.

Fostering Multilateral, Regional, and Bilateral Cooperation

Marine science and technology offer numerous opportunities for inter-
national cooperation which can strengthen scientific and economic growth
and promote multilateral, regional and bilateral cooperation. The United
States is fostering such cooperation through its marine science program,
through various multilateral and regional programs and through activities
of the U.N. family of organizations. International cooperative programs con-
cerning the Great Lakes are discussed in chapter III.

Federal agencies support several hundred projects involving bilateral
cooperation and a wide range of multilateral activities ranging from accom-
modating foreign oceanographers on U.S. research ships and in U.S. labora-
tories to U.S. participation in the Pacific tsunami warning system, broad
exchange of weather information, conduct of the International Ice Patrol,
and collection and distribution of hydrographi.: data and charts. The
Council's Exe, re Secretary visited Brazil, Venezuela, Mexico, Canada
and France d ig 1969 to discuss U.S. Government marine science plans
and programs.

The United States has bilateral science arrangements with France and
Japan. Cooperation with the French in marine sciences was initiated in
1969 through an informal joint program coordinated by the Marine Sciences
Council and the French National Center for the Exploitation of the Oceans
(CNEXO). Within this framework five areas of mutual interest were
developed in technology of deep diving, buoy technology, ocean pollution,
research personnel training and fish protein concentrate. Contacts between
the responsible U.S. agencies and French specialists were established, pro-
gram and priority information exchanged, and an attempt to identify specific
collaborative projects initiated. The Council's Executive Secretary held dis-
cussions with CNEXO's Secretary General which resulted in steps to expand
the cooperative program.

The United States-Japanese Cooperative Program in Natural Resources
Development established in 1964, has been expanded to include marine
sciences. During 1969 marine science panels were designated and panel and
Lommittee membership selection initiated.

Among other 1969 highlights in international cooperative efforts:
1. Foreign scientistsAuara lian, Brazilian, British, French, Italian, New

Zealand, Swiss, and Sovietparticipated in the drilling and coring opera-
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tions of the deep-drilling ship Glomar Challenger, administered by the
National Science Foundation.

2. The United States participated in the trade exhibit, Oceanology Inter-
national '69 in Brighton, England.

3. United States (ESSA), German and British scientists and ships joined
in the successful Atlantic Tradewind Experiment (ATEX) to investigate air
and sea interaction in the equatorial Atlantic.

4. Scientists from several nations participated in the field phase of the
major air and sea interaction program of Barbados Oceanographic and
Meteorological Experiment (BOMEX), led by ESSA.

5. The National Oceanographic Data Center (NODC) continued a use-
ful exchange of data with the World Data Center system and foreign data
centers and international organizations. Over 75 percent of oceanographic
stations held by NODC yielding classical physical-chemical data come from
foreign sources.

6. The Navy's harbor survey assistance program (IIARSAP) for collect
ing charting data and training nationals in conducting hydrographic surveys
and producing charts completed surveys of ports in Costa Rica, the Domini-
can Republic, Nicaragua, and El Salvador and continued work in Honduras
and Costa Rica; and

7. The Bureau of Commercial Fisheries, the Scripps Institution of Ocean-
ography and the Soviet Far Eastern Seas Fishery Institute cooperatively
surveyed Pacific hake populations off the U.S. west coast.

In 1969, the North Atlantic Treaty Organization (NATO) pursued
several marine science objectives. In addition to the continued activities of
the NATO Science Committee's Ad Hoc Study Group on Oceanography,
the NATO Ministers in their December meeting in Brussels acknowledged
the work in progress on arms control of the seabed and the role the
Alliance might play in dealing with common environmental problems of
modern societies. They cited the possibility of further cooperation with
Warsaw Pact governments in oceanography, which could be pursued bilat-
erally, multilaterally or in the framework of existing international bodies.

Future Opportunities

International cooperation in the oceans has Existed for many years. But
the pace and scope of cooperative international activities is increasing. In
the years ahead present initiatives will be implemented and new oppor-
tunities sought.

Seabed arms control measures will have to be completed; multilateral
development of legal arrangements to prevent conflicts in the ocean and on
the seabed must continue; the International Decade of Ocean Exploration
must be carried out as a major oceanic exploration and research cooperative
program; efforts to provide the benefits of new marine technology for
developing nations must be increased; and closer ties between nations in
marine science collaboration will have to be forged. The opportunities for
international cooperation in the oceans have never been better; the needs
for such cooperation have never been greater.
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Chapter XIV

INTERNATIONAL DECADE OF OCEAN
EXPLORATION

In 1969, the United States formally announced its initial plans for
participation in the International Decade of Ocean Exploration, culminat-
ing 2 years of intensive planning in national and international forums; and
the international community moved ahead in outlining and shaping the
multinational framework for planning and coordination.

The United States had proposed the International Decade in March 1967
as a program of intensified international collaboration to plan, develop, and
carry out research to increase understanding of the ocean and its mineral
and living resources. Later in the year the United Nations General Assembly
welcomed the proposal as an important element of a United Nations Long
Term and Expanded Program of Oceanic Exploration and Research.

The Decade "concept anticipates sustained international planning and
coordination to identify the most promising geographic areas and lines cf
scientific and engineering inquiry, set priorities, and agree on the sharing
and distribution of effort. It is oriented toward learning more about the
ocean environment, and places new emphasis on standardized data collection
and dissemination techniques, expanded involvement of a large number of
nations, and stronger coordination among the many international bodies
concerned with the sea.

On October 19 the Vice President announced the initial U.S. Decade
plans, as one of the areas of the President's five-point marine science pro-
gram, stating that the United States would propose international emphasis
on goals to

(1) Preserve the ocean environment by accelerating scientific obser-
vations of the natural state of the ocean and its interactions with the
coastal marginto provide a basis for (a) assessing and predicting
man-induced and natural modifications of the character of the oceans;
(b) identifying damaging or irreversible effects of waste disposal at
sea; and (c) comprehending the interaction of various levels of marine
life to permit steps to prevent depletion or extinction of valuable
species as a result of man's activities;

(2) Improve environmental forecasting to help reduce hazards
to life and property and permit more efficient use of marine resources
by improving physical and mathematical models of the ocean and
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atmosphere which will provide the basis for increased accuracy, timeli-
ness, and geographic precison of environmental forecasts;

(3) Expand seabed assessment activities to permit better manage-
mentdomestically and internationallyof marine mineral explora-
tion and exploitation by acquiring needed knowledge of seabed
topography, stracture, physical and dynamic properties, and resource
potential, and to assist industry in planning more detailed investigations;

(4) Develop an ocean monitoring system to facilitate prediction of
oceanographic and atnrospheric conditions--through design and deploy-
ment of oceanographic data buoys and other remote sensing platforms;

(5) Improve worldwide data exchange through modernizing and
standardizing national and international marir e data collection, proc-
essing, and distribution; and

(6) Accelerate Decade planning to increase opportunities for inter-
national sharing of responsibilities and costs for ocean exploration, and
to assure better use of limited exploration capabilities.

These U.S. proposals are compatible with the outline of the program
developed by the Intergovernmental Oceanographic Commission and dis-
cussed in the preceding chapter. The Natrona] Science Foundation has been
assigned initial, lead agency responsibility for the planning and coordination
of the U.S. contribution to the Decade. Federal funding of $15 million is
being requested for Decade programs in the fiscal year 1971 budget. In
addition many ongoing federally funded ocean exploration and research
activities are related to the Decade. The extent and nature of future U.S.
contributions will depend on the participation of other nations in the ne.cade
program.

Evolution of U.S. Plans for the Decade

In the United States, planning for the Decade began in 1968.1 The Marine
Sciences Council was then assigned responsibility for coordinating the
Decade program on a Government-wide basis. The proposal was elaborated
in the Council's report "International Decade of Ocean Exploration" in
May 1968.

In July 1968, the Council contract-A for the National Academy of Sciences
and the National Academy of Engineering to prepare recommendations
concerning the scientific and engineering aspects of the Decade. More than
50 of the Nation's foremost ocean scientists and engineers participated in
this study, "An Oceanic Quest," which was released in May 1969. The
Council supported a study by the Gulf Universities Research Corporation
(GURC), "Gulf of Mexico: Model for the Decade," and a number of pro-
posals were prepared by scientific groups in the United States and abroad.
In its report, "Our Nation and the Sea," the Commission on Marine Science,
Engineering and Resources strongly endorsed the concept of an International
Decade of Ocean Exploration.

A report, in detail on initial U.S. planning for the Decade was presented in ch. IX
of the Council's third annual report, "Marine Science AffairsA Year of Broadened
Participation," January 1969.
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In the Congress, House Concurrent Resolution .57 and Senate Concutic
Resolution 23 were introduced in 1969 setting fordt objectives and expe.
tions of the Decade.2

At its meeting on May 23, 1969, the Marine Sciences Council recei..ed
report on the Decade from a special Council task force and directrd
accelerated governmental planning be undertaken to define specific Ike.,
programs that would deserve highest priority during fiscal years 1971 /

In response to the Council's request for explicit program recommcn,r
lions, an Interagency Decade Planning Group was formed and staffed
the Council Secretariat. The group developed preliminary Decade plain:
methodology; evaluated 150 Decade related proposals including proposal
the academies, GURC, international scientific bodies, Federal agen,
Council staff, and individual U.S. scientists and engineers; identified
base of ongoing federally funded Decade-related activities; defined goals
and objectives; and recommended general goals with priority grog;
elements consisten. with the objectives of the 10C proposed outline. "I
program recommendations were formally reviewed by the Councils (
mittee for Policy Review in September, and the administration annoui
plans to proceed with the Decade in October.

International Preparation for the Decade

The international commitment to an International Decade of ()
Exploration was realized in U.N. General Assembly Resolution 21(
(XXIII), proposed by the United States and adopted on Decently,
1968. General Assembly Resolution 2414 (XXIII) also encloned rho
cept of a long-term and expanded program of oceanographic rest
including the Decade. The intergovernmental planning phase of
Expanded Program and Decade began in June 1969 when a 17 -ma;
Working Group of the IOC prepared a draft comprehensive outline of tile
scope of the U.N.'s long-term progiam of oceanic research, in accordance
with the U.N. resolution identifying the IOC as a k^al point for planning.
The Working Group proposed that the Meade would be the acceleration
phase of the long-term program. The U.N. Seabeds Committee favorably
considered the comprehensive outline in August, and in September it was
formally approved by the IOC. It was considered favorably by F.COSOC
and the Twenty-fourth Session of the U.N. General Assembly in the fall.

hi 1970, the IOC will seek to adopt internationally agreed objectives for
the program and begin to seek international agreements on specific pro-
gram elements that will contribute to achieving these objectives. Initially,
proivsals will be considered by the IOC Group of Experts on long-Term
Scientific Policy and Planning, established by the IOC at its meeting in
Paris in January 1970 to develop the international scope and content of the
Expanded Pmgram.

Three developments have heightened international interest in cxrin ex-
ploration and research.

'The resoluiioni are includet1 in app. Li 4.
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I. The world's growing population, together with intensified industrial-
ization and urban concentration, has sharply increased the demand for
food, energy, and minerals, enlarged worldwide ocean-borne resources dis-
tribution networks, and increased the quantity of waste products deposited
in the ocean, thus threatening the environment, especially of inshore areas.

2. New marine technology is making possible increased operations in
the sea, once inaccessible because of the ocean's hostile environment, thus
opening possibilities for greatIr use of ocean resources.

3. More than 100 independent nations face the sea, and many hope
that new developments in ocean technology will enable them to obtain
greater benefits from ocean resources, This heightened international interest
has increased the possibility of overlapping interests between nations and
depletion of marine resources, and has spurred consideration of seaward
extensions of national jurisdiction.'

Peneflts of the Decade

The knowledge which will evolve during the Decade will assist nations
individually to plan ocean related investments and collectively to develop
arrangements for managing ocean resources, to establish baselines as a step
toward preserving the quality of the oceanic environment, and to improve
forecasting of ocean and weather conditions. Because of the global character
of the oceans and the scope of the work to be done, international cost
sharing by cooperative exploration and data exchange can benefit all
participating nations.

The enhanced ocean uses and resource potential can provide benefits to
developing nations. Unused fishery resources and fuel mineral deposits
exist off the coasts of a number of developing countries. Many arc dependent
upon maritime transportation to link coastal communities and provide the
basis for foreign trade. The Expanded Program will give special emphasis
to broadening the opportunities for developing nations to participate in the
use of the oceans and its resources through encouraging them, (or example,
to map selected areas of the Continental Shelves, survey coastal fishery
resources, and obtain training and experience in marine sciences and
engineering.

With regard to ocean resources, the ultimate development of worldwide
petroleum and solid mineral potential to benefit all nations depends in large
measure on the extent of seabed exploration, and on the soundness of na
tional and international resource management policies which should be
based on knowledge of the character of the resources. Offshore petroleum
and gas in 1985 is expected to meet 30 percent of the world's total energy
demand.

The oceans contain large unused fishery resources and fisheries offer an
opportunity to assist in dosing the protein gap with many latent fisheries
lying within easy access of nations plagued by serious protein deficiencies.

'Ch. X111 discuses a number of developments in 196: which reflect the growing
international interest and activity.
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The pooling of knowledge about these resources by interested nations during
the Decade could contribute significantly to development and management
of world fisheries resources.

More accurate, timely, and long-range forecasts of climate and weather
conditions, stoirns, waves, ice, tidal waves, coastal surf and currents, storm
surges, floods, and ocean temperatures will benefit expanding commercial
and recreational marine activities; reduce the destruction of life and
property in the coastal zone and at sea; and enhance industry, agriculture,
water management, and other land activities dependent on a better under-
standing of the interactions between the oceans and the atmosphere.
Recurring hurricane devastation in the southeast and gulf coasts of United
States has underscored the importance of accurate and timely environmental
forecasts.

The oceans also serve as a unioue scientific laboratory. Effecti,t explora-
tion of the oceans is best achieved through balanced research and ;urveys
between programs to solve specific scientific Fob !ems and progratns for
systematic collection of data on a geographical base. Such patterns of
accelerated ocean investigation will result in advancemLnt of science on a
broad front as we expand our knowledge of the geology and geophysics of
the ocean basins, t' .1 interaction of living organisms, and the ecology of the
marine environment. This knowledge can be usefully applied in all nations'
evolving oceanic activities.

The Decade does not contemplate exploration of every square mile of the
world's ocean nor investigation of every conceivable ocean phenomenon.
13ut it emphasi,es that, collectively, the nations of the world can identify the
most promising geographical areas and lines of scientific inquiry, and by
carefu: Aection focus emphasis on inquiries of greatest promise. The imple-
mentation of this major international undertaking in 1970 marks a signifi-
cant step forward in international cooperative use of the world ocean.
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APPENDICES

APPENDIX A-- FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971

Appendix A-I-Federal Marine Science Program by Department and
Independent Agency

iln millions of dollars)

Estimated
F 1. 1953

Estimated
FY lit7t)

11.1
President's

budget
VI 1971

Department of Defense I *
Department of the Interior d
National Science Foundation
Department of Commerce
Department of Transportation

959. 7
80. 8
34. 9
38. 1
19. 8

263. 8
98.5
40. 7
49. 2
31. 3

239. 7
95.0
63. 0
58. 9

42.6
Atomic Energy Commission 10.6 10.0 9. 7
Department of Health, Education, and Welfare 7. 3 7. 0 9. 0
Department of State 6, 9 7. 7 8. 4
Agency for International Development I. 5 2.6 2. 6
Smithsonian Institution I. 3 1.9 2.4
Natioral Aeronautics and Space Administration I. 9 1. 8 1. 8

Total 463.4 514. 5 533. 1

....bang programs of the ISetwInIents of In h n5,r . Commerce. Inleritt. and Transportttron. and ether
lklfefickl closely related to marine scknno, sue not tncludoi,

I Totals Include ler the first time A kl'fit's vnrerd Surfyv 1.1stronnA Noma,' III 4. P, 0 m l 111,3
mlltton kr the trsprclice years).

Etelwles dcrelopment of the Nav)'s Surf bee Elicits q111p7 rropArri 33.3.17.0, and 1AI million In the
res met ire years).

0 Tetras Include It the first time marine I./watch supfotte4 by the fittest of Wafer nominees Norwich
OA, and Sit million kr the tr six ,tive years).

Dota riot Include txw Po million n placement ictbreaket which Mill hare oceanctratbk ttaearch
eartabilitwe.

Note: The total!, for fisol I) r3r1 WM and 1971 data slIthtt: from thee published at the time the PteS
dent's fl r 1 tet wits telett 1 In Fe u'd Its: t r s thee-lien, 'Sepal mint of the Nave I dental realloca
nom( ichkh al cited the ;Nat budget for designated marine ectence erteets.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A-2-Federal Marine Science Program by Major
Purpose-Summary and Detail by Subpurpose and Agency

Summary

lin millions of dollars]

Estimated
Y YIN

Estimated
FY 1.170

l'ilsident's
budget
FY 1'qt

I. International Cooperation and Collaboration... 8.4 10.3 11.0
2. National Secy. ity 127. 2 129. 1 116. 1
3. Fishery Development and Seafood Technology.. 45.3 52.2 45. 6
4. Transportation lb. 7 29. 6 40. 9
5. Development of the Coastal Zone 32.1 10.7 45. 7
6. Health 6. 0 5. 9 8. 2
7. Non-Living Resources 8. 0 9. 2 9. 2
8. Oceanographic Research 78.4 82.5 108, 2
9. Education 6. 7 8. 4 8.2

10. Environmental Observation and Prediction 33.7 31.7 32. 8
11. Ocean Exploration, Mapping, Charting and

Ge desy 79.7 89.4 74. 7
12. General Purpose Ocean Engineering 19.1 22.8 29. 5
11 National Data Centers 2. 2 2. 7 3. 0

Total 463. 4 514.5 533.1

,11Ma
Many programs of the Departments cif Odense, Commerce, Interior and Tran_portatIon and other

agencies cleeety related to marine science are not included. l'rogratns suppo.tcd by A RPA on advanced
surface platforms and by Interior's Office at Water Resources Research on marine res.rearch are Included for
the it time.

Research beneficial to more than one of the other major purpose categories.

Note. The totals ice fiscal years 1970 and 1971 differ slightly from those published at the time the
President's Budget was releacd In bruml due to lubseTient Department of the Navy internal re
aliocatIons which affectel the Navy s budget for dedgnatel marine Science effort,.

Detail by Subgnseposa and Agency

In mill/m.0 of dollars]

tstimated
FY I%

Estimated
FY 1970

President's
budget

FY 1971

1. International Cooperation and Collaboration 8. 4 O. 3 11.0

(a) State Department (6. 9) (7. 7) (8.4)
(I) Contributions to international

organizations for marine
science program activities 4. 8 5. 3 3.8

(2) Into - national fisheries com-
missions (U.S. share)

(b) Agency for International Develop-
ment

2. I

(1.5)

2. 4

(2.6)

2.6

(2.6)
(I) Marine food resources for

developing nations I.5 2. 6 2.6
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971 - Continued

Appendix A-2-Continued
Detail by bubpurpose and Agancy-ContInuod

It millions of dollars]

Estimated
FY 1969

Estimated
FY t970

President's
budget

FY 197,

2. National Security 127. 2 129. I 116. 1

(a) Department of Defense a
(1) Problem oriented surveys for

defense systems
(2) Marine science and technol-

ogy in support of specific
defense systems

(3) Undersea search, rescue, re-
covery, and man-in-the-sea.

(4) Navy Instrumentation Center.
(5) Capital investment for ship

construction

(127. 2)

22. 4

36. 1

65. 7
0.9

0

(129. 1)

22. 7

34. 7

63. 3
1. 7

0

(116. 1)

18. 9

39. 8

36.0
1.8

7. 3
(6) Marine science in support of

"safeguards" for the Lim-
ited Nuclear Test Ban
Treaty of 1963 0. 2 0. 7 0

(7) Advanced Surface Platforms a. I. 9 6. o 12. 3

3. Fishery Development and Sea Food Technology. 45. 3 52. 2 45. 6

(a) Department of the Interior (45. 3) (52. 2) (45.6)
(I) Fishery resources assessment,

development and manage-
ment 33.4 36.8 32. 8

(2) Technical and economic as-
sistance to the commercial
fishing in Justry 9. 3 II. 7 9. 9

(3) Fish proteiA concentrate 2.6 3. 7 2.9

4. Transportation 16. 7 29.6 46. 9

(a) Department of Commerce e (9. 2) (16.6) (23.2)
(I) Maritime Kience and tech-

nology 0.7 2.7 6.2
(2) Shipping econo.nics and re-

quirements 1.0 2. 4 3. 7
(3) Advanced sl n engineering

and development 7.0 9.8 10.6
(4) Improvements in ship opera.

(ions and shippitr, cyst ms 0. 5 I. 7 2. 7
(b) Department of Defense (2. 7) (2.9) (4. I)

( I ) Channel and harbor dry, !op-
ulent 2. 7 2.9 4. I

(c) Department of Transportation (4.8) (10. 1) (13.6)
(I) Starch and rescue O. 2 O. 6 1. 2
(2) Aids to navleation 0. 9 1.0 2. 2
(3) Merchant marine safety 0. 9 0. 5 1. 1
(4) Oceanography, tutted- ,logy,

and polar operations 0.6 0. 7 I0. 8
(5) Marine law enforcement 2. 2 7. 3 B. 3

see footnotes at rnd of table.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A-2-Continued
Details by Sutspurpose and Agency-Continued

ltn millions of dollars)

Estimated
FY 1969

Estimated President's
FY J970 budget

FY 1971

5. Development and Conservation of the Coastal
Zone 32. 1 40. 7 45. 8

(a) Shore stabilization and protection
(I) Dcpartment of' Defense:

a. Beach erosion control
and hurricane storm

(1.5) (1. 5) (2. 1)

surge protection I. 5 1.5 2. I
(b) Marine pollution management (11. 9) (19.8) (19.8)

(I) Department of Defense
a. Pollution and flushing

of bays, estuaries
and the Great Lakes.

( (2. 2))

2. 2

( (I. 6))

I. C

( (2. 2))

2. 2
(2) Department of the interior. .

a. Water quality en-
hancement

( (9. 7))

9.7

( (18. 2)) r (

18.2

(17. 6))

17.6
(c) Recreation and conservation (18. 7) (19.4) (23.9)

( 1 ) Department of Defense.
a. Recreation beaches

and small craft
harbors

( (1. 5))

1.5

( (1. 4))

1.4

((2. 0))

2.0
(2) Department of the Interior.

a. Planning for acquisi-
tion of marine based
recreational areas...

b. Development of ma-
rine Teas for recre-
ation

c. Conservation of ma-
rine locales, game-
6sh and wildlife

( (17. 1))

0. I

7.6

9.4

( (17. 8)) (

0. 1

8.0

9.7

(21. 3))

0. 1

10. 4

10.8
(3) Department of Transportation. ((O. 1)) ((O. 2)) ((O. 6))

a. Search and rescue 0. 1 0. 2 0.6

6. health

(a) Department of Health, Education, and

6.0 5.9 8.2

Welfare (6.0) (5. 9) (8. 2)
(I) Nutritional and health aspects

of marine foods 2. 5 2. 5 3. 6
(2) Marine bacterial toxins and

pharmaceuticals I. 2 I. 2 2. 1

(3) Use of marine life in biomed-
ical research 2. 2 2. I 2. 4

(4) Health problems related to
marine pollution 0. 1 0. 1 0. I

See tattoo!** at sad of table.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971 - Continued

Appendix A-2-Continued
Mall by Subpurpourane Aginey-ContInutd

tin millions or dollars)

Estimated
FY 1969

Estimated
FY 1970

President's
budget

FY 1971

7. Non-Living Resources 8. 0 9.2 9. 2

(a) Department of the Interior
(1) Geologic investigations and re-

sources appraisal
(2) Mining -esearch
(3) Marine source and interrela-

tionships for supply of fresh

(8.0)

2. 9
I. 5

(9. 2)

3. 3
0.9

(9. 2)

3. 3
0. 9

water 2.5 3.2 2.8
(4) Leasing and management of

mineral resources I. I I. 8 2. 2

8. Oceanographic Research 78.4 82.5 108. 2

(a) Department of Defense 34. 3 33.2 35. 4
(b) Department of Commerce 3. 0 3. I 3..1
(c) National Science Foundation 31. 1 35. I 157. 1
(d) Department of Transportation 2. 3 3. I 2. 9
(e) Sn ithsonian Institution r 1. 6 I.6 1. 9
(f) Atomic Energy Commission 5. 6 5. 5 5. 8
(g) Department of the Interior a 0. 3 0. 9 I. I

9. Education 6. 7 8.4 8. 2

(a) Department of Defense 1. 7 1.8 1. 6
(b) Department of Commerce 0. 1 0. I 0. 1
(c) National Science Foundation
(d) Departineht 4 Health, Education, and

3. 5 5.2 5. 5

We/fate 1. 3 1. I 0. 8
(e) Department of Transportation. 0. I 0.2 0. 2

10. Environmental Observation and Prediction 33. 7 31.7 32.8

(a) Department of Defense 12. I 11.6 I1.5
(b) Department of Commerce 7. 0 6. 7 7. 7

(c) Atomic Energy Commission I. 4 1.0 0.8
(d) Department of Transportation
(e) National Aeronautics and Space Ad-

ministration

II. 7

I.5

11.0

I.4

11.4

I.4

11. Ocean Exploration, Mapping, Charting, and
;codes), 19.7 89.4 74.7

(a) Department of Defense 60. 7 66. 7 50. 7
(b) Department of Commerce
(e) National Aeronautic' and Space Ad-

ministration

18.5

0. 4

22.3

0. 4

23.6

0.4

See footnotes at end of table.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A -2.- Continued
Details by Subpurpose and Agency- Continued

lin millions of dollars]

Estimated
FY 1069

Estimated
FY 1970

President's
budget
FY 1971

12. General Purpose Ocean Engineering 19. I 22.8 29.5

(a) Department of Defense:
(1) Deep ocean technology

(b) Atomic Energy Commission:
14.8 13.0 12. 9

(I) Nuclear power
(c) Department of Transportation:

3.6 3.5 3. 1

(1) Data buoy systems 0. 7 6. 3 13.5

13. National Data Centers 2. 2 2. 7 3. 0

(a) National Oceanographic Data Center. I.6 2. 1 2. 1

(b) Smithsonian Oceanographic Sorting
Center 0.3 0.3 0.5

(c) Great Lakes Data Center 0. 2 0. 2 0. 3
(d) National Weather Records Center 0. 1 0. I 0. 1

All Department of Detense funds primarily relate to Net'r security although they may ap;ar it
al odes which are related to other national goals.

Included In the marine sciences program for the firs! lime. Funds support exploratory development by
the Advanced Research Projects Agency of a surface effects vehkie for the Arctic and a large floating
platform.

The scope of the program Is the same as last year, b it the repor'ing subcategories are renamed.
Does not Include la million replacement Coast (Word kebreater loch kh ea have oceanographic capa-

bil ities.
Includes $1 million for FWPCA in support of Pilot Late Restoration Project.
includes $tS million to support Initial programs of the International Decade of Ocean Exploration and

$1.2 for marine-related Arctic environmental research, In accordance with NSF lead-agency re$ponsib.lities
In these areas.

Appropriated F(MS. Foreign Currency runAS not included hers in are also used to support marine
tektite (app. A-7).

I New fnclu.Son In marine sciences program. Funds attested by the Office of Water ResourcesResearch
or coastal zone and estuarine research.

Appendix A-S-Federal Marine Science Program by Function-Summary
and Detail by Agency

Summary

tin millions of dollars)

Estimated
FY 1909

Estimated
FY 1970

President's
budget

FY 1971

Research and Development 265.7 299. 5 337. 4

(a) Research (basic and applied) 131. 7 155.5 181.8
(Ship operating costs)

(b) Development of new equipment and tech
nology

(22. 1)

134.0

(21. 7)

144.0

(21.9)

154.6
(Ship operating costs) (7. 3) U. 8) (8.3)

206



APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A-3-Continued
Summary-Continued

iln millions of dollars)

Estimated
FY 1969

Estimated
FY 1970

President's
budget

FY 1971

Investment 49.7 63. 7 42.6

(a) Ships
(b) Major equipment..
(c) Shore facilities
(d) Other

2. 0
32. 5
12. 1

3. 1

0
43. 5
15.4
4.8

7. 3
19.0
11. 5
4.8

Operations 148.0 151.3 153. 1

(a) Surveys 115.2 113.9 113.4
(Ship operating costs) (41. 3) (37. 7) (39.3)

(b) Services 24. 1 27. 2 28.6
(Service ship operating costs) (0. 3) (0. 3) (0. 3)

(c) Other operations 8. 7 10. 2 II. I

Total 463. 4 514. 5 533. 1

Detail by Agency
lin millions of donanl

Estimated
FY 1969

Estimated
FY 1970

President's
budget

FY 1971

A. Research and Development
Total 255.7 299. 5 337.4

1. Department of Defense 144.7 143.7 141.5

(e) Department of the Navy (133.1) (125.6) (112.6)
(I) Research 33.5 30. I 30.4

(Research ship operating costs). ((5. 3)) ((3. 0)) ((5. 6))
(2) Development of new equip-

ment and technology 99. 6 95. 5 82. 2
(Ship operating cats) (7.3) (7.8) (8. 3)

(b) Department of the Army (8. 7) (8. 3) (11.6)
(II Research 3.5 3. 4 4.8
(2) Development of new equip-

ment and technology 5. 2 4. 9 6. 8
(c) Advanced Research Projects Agency... (2.9) (9.8) (17.3)

(I) Research 0.8 3. 1 5. 0
(2) Development of new equip-

ment and technology 2. 1 6. 7 12. 3

See footeotee at end of table.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971- Continued

Appendix A-3-Continued
Detail by Agency- Continued

[In millions of dollars]

Estimated Estimated President's
FY 1969 FY 1970 budget

FY 1971

A. Research and Development - Continued

2. Department of Commerce 14. 6 21. 7 29.0

(a) Environmental Science Services Ad-
ministration.

(I) Research
(2) Development of new cqvip-

(5. 4)
3.5

(S. 7)
3.8

(6. 5)
4.6

inent and technology 1 9 I. 9 1. 9
(h) Nfaritime Administration (9. 2) (16. 0) (22. 5)

(1) Research 4. 3 10.7 11 9
(2) Development of new equip-

ment and technology 4. 9 5. 3 10. 6

3. Department of the Interior 40. 6 52. 7 50.4

(a) Bureau of Commercial Fisheries (2d. 0) (31. I) (29, 2)
(I) Research 23.4 25.8 24. 1

(Restarch ship operating
costs) 2.8 3.0 2.7

(2) Development of new equip-
ment and technology 4. 6 5. 3 5. 1

(b) Geological Survey (2. 8) (3.0) (3. 1)
(I) Research 2.8 3.0 3. 1

(Research ship operating
costs) (0.2) (0.2) (t/. 2)

(c) Office of Saline Water (2. 1) (2.8) (2. 4)
(I) Research, 0.7 0.9 0.9
(2) Devel^,-Nment of new equip-

ment and technology I. 4 I. 9 I. 5
(d) Bureau of Sport Fisheries and Wildlife (2. 0) (1.9) (2. 9)

(I) Research 2.0 I.9 2.9
(e) Office of Water Resources Research $. ,

(1) Research
(0. 5)
0. 5

(0. 9)
0.9

(1. 1)
1. 1

(f) Bureal of Mines (1. 1) (0.9) (0.8)
(I) Research 0.5 0.7 a 5

(Research ship operating
costs) . (0.4) (0 ) (0.1)

(2) Development of new equip-
ment and technology.. . .

(g) Federal Water Pollution Control Ad-
ministration

0. 6

(4. I)

0. 2

(12 1)

0. 3

(10.9)
(I) Research 4. I 12.1 10.9

4. National Science Fcrindation 33. 2 40. I * CI. 2

(1) Research 33. 2 40. I 62. 2
(Research ship operating

costs) (10. 9) (9. 9) (9. 9)

see foritnotes at end or table.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A-3-Continued
Detail by Agency-Continued

[in millions of dollaisi

Estimated
FY 1965

.Estirnated
FY 1070

President's
Inniget
FY l71

A. Research and Development-Continued
5. Atomic Energy Commission 10. 6 10. 0 9. 7

(1) Research 7. 9 6. 5 6. 6
(Research ship operating

costs) (0. 3) (0. 3) (0. 3)
(2) Development of new equip-

ment and technology 3. 6 3. 5 3. 1

6. Department of Health, Education, and Welfare. 5. 3 4. 9 5. 1

(a) Consumer Protection and Environ-
mental Health Services

(1) Research
(b) National Institutes of Health..

(I) Research
(c) Office of Education

(1.4)
I. 4

(2. 6)
2.6

(I. 3)

(1.2)
1.2

(2. ir.))
2. 6

(1. I)

(1.7)
1. 7

(2. 6)
2. 6

(O. 8)
',I) Research I.3 1. 1 0.8

7. Department of Transportation 6. 4 15. 3 27. 4

(1) Research 3. 1 4.2 5.0
(Research ship operatingcosts). (2.2) (3. 3) (3. 1)

(2) Development of new equip-
ment and technology 3.3 11.0 22.4

8. Smithsonian Institution 1.6 1.6 I.9

(I) Research I.6 I.6 1.9

9. Stale Department 6.9 7. 7 8. 4

(1) Development of new equip-
ment and technology 6. 9 7. 7 8. 4

10. National Aeronautics and Space Administration. 1. 9 I. 8 I. 8

(I) Research 1. 9 I. 8 I. 8

B. Investment
Total 49. 7 63. 7 42.6

I. Department of Defense :56. 2 42. 3 25. 3

(a) Department of the Navy (35. 9) (42. I) (25.0)
( I ) Ships (new construction of

surface ships) 0 0 7. 3
(2) Major equipment 31.3 39.0 15.0
(3) Shore facilities 4.6 3. I 2. 7

(b) Department of the Army (0. 3) (0. 2) (0. 3)
(I) Shore facilities 0. 3 0. 2 0. 5

See footnotes at end of table..
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A- 3-- Continued
Detail by Agency-Continued

[In millions of dollars]

Estimated
FY 1969

Estimated
FY 1970

President's
budget
F Y 1971

13. Investment-Continued

2. Departme..t of Commerce 0. 3 3. 8 2. 5

(a) Environmental Science Services Ad-
ministration (0. 3) (3. 2) (1. 8)

(1) Ships 0 0 0
(2) Shore facilities 0 2. 5 0
(3) Major equipment 0. 3 0. 7 1. 8

(b) Maritime Administration 0 (0. 6) (0. 7)
(1) Shore facilities 0 0.6 0. 7

3. Department of the Interior 9. 4 11. 5 10. 0

(a) Bureau of Cornmereix Fisheries (2. 5) (4. 6) (1. 3)
(1) Shore facilities 2. 1 4. 2 0.9
(2) Major equipment 0. 4 0. 4 O. 4

(b) Geological Survey (0.4) (0. 4) (0.4)
(1) Shore facilities O. 2 a 2 0.2
(2) Major equipment O. 2 O. 2 0.2

(c) Bel tu of Sport Fisheries and Wildlife (2. 2) (2.5) (2.2)
(1) Shore facilities 0.6 0.3 0
(2) Other 1. 6 2.2 2.2

(d) Bureau of Mines (0.4) 0 (0. 1)
(1) Ships 0.2 0 0
(2) Shore facilities 0. 1 0 O. 1
(3) Major equipment 0. 1 0 0

(e) Bureau of Outdoor Recreation (3. 9) (4. 0) (6. 0)
(1) Shore facilities 3. 9 4.0 6. 0

4. National Science Foundation 1. 4 0. 2 0. 4

(1) Ships 1.4 0 0
(2) Shore facilities 0 0. 2 0.4

5. Department of Transportation 0. 9 3. 3 1. 8

(a) U.S. Coast Guard (0. 9) (3. 3) (1.8)
(1) Ships 0.4 0 a0
(2) Major Equipment 0. 2 3. 2 1.6
(3) Shore facilities 0. 3 0. 1 0. 2
(4) Other (I) (I) (I)

6. Agency for International Development. 1. 5 2. 6 2. 6

(1) Other 1.5 2.6 2.6

See footnotes at end of table.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A-3-Continued
Detail by Agency-Continued

1ln millions of dollars]

Estimated
FY 1969

Estimated
FY 1970

Fres Iderit's
Ludget

FY 1971

C. Operations
Total 148.0 151.3 153. 1

1. Department of Defense 78.8 77.8 72.9

(a) Department of the Navy (78.6) (77.6) (72.6)
(1) Surveys 73.3 72.0 67. 2

(Survey ship operating costs), (20.7) (17.1) (16.8)
(2) Services 3. 6 3. 8 3. 8
(3) Other (education) 1. 7 1. 8 1. 6

(b) Department of the Army (0.2) (0.2) (0.3)
(1) Services O. 2 O. 2 O. 3

2. Department of Commerce 23. 2 23. 7 27. 4

(a) Environmental Science Services Ad-
ministration (23. 2) (23. 7) (27.4)

(1) Surveys 22. 5 23. 0 26. 7
(Survey ship operating costs) ( (9. 6)) ( (0. 8)) ( (11. 4))

(2) Services 0. 7 0. 7 0. 7

3. Department of the Interior 30. 3 34. 3 34. 6

(a) Bureau of Commercial Fisheries (15. 7) (17. 7) (16. 3)
(1) Surveys

(Survey ship operating costs)
(2) Services

(Service ship operating costs)
(b) Geological Survey

(1) Other
(c) Bureau of Sport Fisheries and Wildlife.

5.6
( (1. I))
10.2

((0. 3))
(1. 1)

1. 1
(5. 2)

5.6
( (I. 3))
12.1

((O. 3))
(1.8)

1. 8
(5. 3)

5.3
( (I. 3))
11.0

( (O. 3))
(2. 1)

2. I
(5. 7)

(1) Surveys 0.7 0.6 0.7
(2) Services 0. I 0 0
(3) Other

(d) Federal Water Pollution Control Ad-
ministration

4. 4

(4. 7)

4. 7

(4. 9)

5. 0

(5. 5)
(1) Surveys 3. 3 3. 2 3. 7
(2) Services 1.4 I. 7 1. 8

(e) Bureau of Land Management (O. 3) (O. 5) (O. 5)
(1) Services 0.3 0.5 0.5

(f) National Park Service (3. 8) (4. 1) (4. 5)
(1) Services 3. 8 4.1 4. 5

4. National Science Foundation 0. 3 0.4 0. 4

(1) Services 0. 3 0.4 0. 4

See footnotes at end of teak,.
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FISCAL YEARS 1969, 1970, AND 1971-Continued

Appendix A-3-Continued
Detail by Agency-Continued

[In .nIllions of dollars]

Estimated
FY 190

Estimated
FY 1970

President's
budget

FY 1911

C. Operations-Continued
5. Department of Transportation 12.6 12. 7 13. 4

(a) U.S. Coast Guard (12.6) (12. 7) (13.4)
(1) Surveys 9. 9 9. 5 9. 8

(Survey ship operating
costs) ((9.9)) ((9.5)) ((9.8))

(2) Services 1. 2 1. 3 1. 2
(3) Other Operations 1. 5 1. 9 2. 4

6. Smithsonian Institution 0. 3 0. 3 0. 5

(1) Services 0. 3 0. 3 0. 5

7. Atomic Energy Commission :
(I) Services (e) (e) (e)

B. Department of Health, Education, and Welfare. 2. 0 2. 1 3. 9

(a) Consumer Protection and Environ-
mental Health Services 2. 0 2. 1 3. 9

(1) Services 2.0 2. i 3.9

Includes the Advanced Surface Platforms Program not reported in previous years.
Not included in previous years.
Includes $15 million for the International Decade of Ocean Exploration and $1.2 million for an expanded

program of Arctic environmental research in accordance with NSF's lead-agency responsibilities for

t Thenew
Initiatives.

The Coast (3 uard budget Includes $59 million for a replacement icebreaker with oceanographic research
capabilities which is not included In this marine sciences analysis.

Less than $50,000.
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APPENDIX A-FEDERAL MARINE SCIENCE PROGRAM,
FISCAL YEARS 1969, 1970, AND 1971 - Continued

Appendix A-4-Special Analysis: U.S. Continental Shelves (Including
Trust l'erritories)
/In rill/lions of dollars]

Estimated
FY 1969

Estimated
FY 1970

President's
budget

FY 1571

Smithsonian Institution 0. 1 0. 1 0. 2
Department of Commerce 16. 8 17. 2 19. 4
Atomic Energy Commission 4. 1 3. 7 3.9
Department of Transportation 0. 2 0. 2 0. 2
National Science Foundation 1. 0 1. 5 2. 0
Department of the Interior 27. 3 29. 9 29. 5

1. Bureau of Commercial Fisheries (17. 4) (19.0) (17. 3)
2. Geological Survey (3. 2) (4. 1) (4. 5)
3. Bureau of Sport Fisheries and Wildlife (2. 0) (I. 5) (2. 2)
4. Bureau of Mines (1. 2) (0. 9) (0. 9)
5. Bureau of Land Management (0. 3) (0. 5) (0. 5)
6. Office of f. ine Water
7. National Park Service

(1. 0), (2.0)
(1.4)
(2. 1)

(1. 2)
(2.4)

B. Office of Water Resources Research () (a) ()
9. Federal Water Pollution Control Adminis-

tration (0. 1) (0.4) (0. 5)
Department of Defense 7. 5 7. 5 9. 0

1. Departm; it of the Army (3. 2) (3. 0) (4. 2)
2. Department of the Navy (4. 3) (4. 5) (4. 8)

Total 57. 0 60.1 64. 2

Less than $50,000.

Appendix A-- S--Special Analysis: The Great Lakes
[In millions of dollars]

Estimated
FY 1960

Estimated
FY 1970

President's
budget

FY 1971

Department of Commerce 0. 1 0. 1 0. 1
Department of Transportation 0. 1 0. 1 0. 1
State Department 1. 0 1. 3 1. 4
National Science Foundation 0. 7 1. 0 1. 5
Department of the Interior 9. 1 17.9 16. 8

1. Bureau of Commercial Fisheries (3.3) (3.6) (3.4)
2. Bureau of Sport Fisheries and Wildlife (1. 0) (1. 3) (1. 5)
3. National Park Service (0. 3) (0. 3) (0. 5)
4. Office of Water Resources Research (0. 1) (0. 4) (0. 5)
5. Federal Water Pollution Control Adminis-

tration (4.4) (12. 3) (10. 9)
Department of Defense 3. 8 3. 6 5. 0

1. Department of the Army (3. 7) (3. 5) (4. 9)
2. Department of the Navy (0. 1) (O. 1) (0. 1)

Total 14. 8 24. 0 24. 9
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FISCAL YEARS 1969- 1970, AND 1971-Continued

Appendix A-6-Speclal Analysis: Estuaries
(In millions of dollars]

Estimated
FY 1969

Estimated
FY 1970

President's
budget

FY 1971

Smithsonian Institution
Department of Commerce
Atomic Energy Commission
Department of Transportation
National Science Foundation

0. 1
0. 8
0. 4

(° )
I. 0

0. 1
0. 8
0. 4

()
I. 5

0. 2
0. 9
0. 4

(°)
2. 0

Department of the Interior 21. 4 22. 8 23.4
1. Bureau of Commercial Fisheries (7. 7) (8.0) (7. 3)
2. Geological 3urvey (0. 7) (0. 7) (0. 7)
3. Bureau of Sport Fisheries and Wildlife... . (6. 4) (6. 9) (7. 4)
4. Federal Water Pollution Control Adminis-

tration (4. 2) (4. 3) (5.0)
5. Office of Saline Water (0. 6) (0.8) (0. 7)
6. National Park Service (1. 4) (1.6) (1.7)
7. Office of Water Resources Research (0. 4) (0. 5) (0. 6)

Department of Defense 4. 5 3. 3 4. 1
1. Department of the Army (2. 3) (2. 2) (3. 1)
2. Department of the Navy (2. 2) k I. I) (1. 0)

Total 28.2 28.9 31.0

Less than 550,000

Appendix A-7-Special Analysis: Excess Foreign Currency Programs*
(In millions et dollars]

Estimated
FY 1969

Estimated
FY 1970

President's
budget

FY 1971

Fishery development and seafood technology:
(a) Department of the Interior:

(1) Fishery resources assessment, de-
velopment, and management 0 0. I 0

Oceanographic research:
(a) Department of Commerce (Environmental

Science Services Administration)
(b) Smithsonian Institution:

0. I 0 0. 2

(1) Specimen Research 0. 8 0.8 0. 9
Data Centers:

(a) Smithsonian Institution:
(1) Service operations 0. 2 0. 2 0. 3

Total 1. I I. I I. 4

Unlike the other Special Analyses provided In Appendices A-4, A-5, and A-6, the Excess Foreign
Currency totals are not included In the basic marine science analyses by Major Purpose, Agency, and
Function (A-I, A-2, and A-3).

214



APPENDIX BFEDERAL LEGISLATION AND CONGRESSIONAL
RESOLUTIONS RELATED TO MARINE SCIENCES

Appendix B-1Legislation of the 91st Congress, First Session, Affecting
Marine Science Programs

Public Law 91-15 (May 23, 1969)Amends the Marine Resources and
Engineering Development Act of 1966 to authorize continuation of the
Marine Sciences Council until June 30, 1970.

Public Law 91-40 (July 8, 1969)Amends the Merchant Marine Act of
1936 (as amended) to extend vessel construction subsidies until June 30,
1970.

Public Law 91-121 (Nov. 19, 1969)Authorization for military procure-
ment and research, development, test, and evaluation for fiscal year
1970, including prohibition on expenditures for research m having
direct and apparent relationship to specific military function or operation.

Public Law 91-135 (Dec. 5, 1969)Prevents importation into the United
States of species of fish and wildlife determined by Secretary of the
Interior to be threatened with worldwide extinction, and prevents
interstate shipment of reptiles, amphibians, and other wildlife taken
contrary to State law.

Public Law 91-144 (Dec. 11, 1969)Appropriations for public works,
water pollution control, and power development for fiscal year 1970,
including $800 million for grants for construction of waste treatment
works.

Public Law 91-190 (Jan. 1, 1970)National Environmental Policy Act
of 1969, enunciating policy to create and maintain conditions under
which man and nature can exist in productive harmony, specifying need
for interagency cooperation, providing for annual Presidential environ-
mental quality report and establishing Council on Environmental
Quality in Executive Office of the President.

Appendix B-2Marine Resources and Engineering Development
Act of i966

(Public Law 89-454, jun- 17, 1966)

AN ACT To provide for a comprehensive, long-range, and coordinated national program
in marine science, to establish a National Council on Marine Resources and Engineering
DevelOpMent, and a Commission on Marine Science, Engineering and Resources, and
for ether purposes.

Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That this Act may be cited as the
"Marine Resources and Engineering Development Act of 1966".
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DECLARATION OF POLICY AND OBJECTIVES

SEC. 2. (a) It is hereby declared to be the policy of the United States to
develop, encourage, and maintain a coordinated, comprehensive, and long-
range national program in marine science for the benefit of mankind to assist
in protection of health and property, enhancement of commerce, trans-
portation, and national security, rehabilitation of our commercial fisheries,
and increased utilization of these and other resources.

(b) The marine science activities of the United States should be conducted
so as to contribute to the following objectives:

(1) The accelerated development of the resources of the marine
environment.

(2) The expansion of human knowledge of the marine environment.
(3) The encouragement of private investment enterprise in explora-

tion, technological development, marine commerce, and economic
utilization of the resources of the marine environment.

(4) The preservation of the 1 ole of the United States as a leader in
marine science and resource development.

(5) The advancement of education and training in marine science.
(6) The development and improvement of the capabilities, per-

formance, use, and efficiency of vehicles, equipment, and instruments
for use in exploration, research, surveys, the recovery of resources, and
the transmission of energy in the marine environment.

(7) The effective utilization of the scientific and engineering re-
sources of the Nation, with close cooperation among all interested
agencies, public and private, in order to avoid unnecessary duplication
of effort, facilities, and equipment, or waste.

(8) The cooperation by the United States with other nations and
groups of nations and international organizations in marine science
activities when such cooperation is in the national interest.

THE NATIONAL COUNCIL ON MARINE RESOURCES AND ENGINEERING
DEVELOPMENT

SEC. 3. (a) There is hereby ,stablished, in the Executive Office of the
President, the National Council on Marine Resources and Engineering
Development (hereinafter called the "Council") which shall be composedof

(1) The Vice President, who shall be Chairman of the Council.
(2) The Secretary of State.
(3) The Secretary of the Navy.
(4) The Secretary of the Interior.
(5) The Secretary of Commerce.
(6) The Chairman of the Atomic Energy Commission.
(7) The Director of the National Science Foundation.
(8) The Secretary of Health, Education, and Welfare.
(9) The Secretary of the Treasury.

(b) The President may name to the Council such other officers and
officials as he deems advisable.

(c) The President shall from time to time designate one of the members
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of the Council to preside over meetings of the Council during the absence,
disability, or unavailability of the Chairman.

(d) Each member of the Council, except those designated pursuant to
subsection (b), may designate any officer of his department or agency ap-
pointed with the advice and consent of the Senate to serve on the Council
as his alternate in his unavoidable absence.

(e) The Council may employ a staff to be headed by a civilian executive
secretary who shall be appointed by the President and shall receive compen-
sation at a rate established by thP President at not to exceed that of level II
of the Federal Executive Salary Schedule. The executive secretary, subject
to the direction of the Council, is authorized to appoint and fix the compen-
sation of such personnel, including not more than seven persons who may be
appointed without regard to civil service laws or the Classification Act of
1949 and compensated at not to exceed the highest rate of grade 18 of the
General Schedule of the Classification Act of 1949, as amended, as may be
necessary to perform such duties as may be prescribed by the President.

(f) The provisions of this Act with respect to the Council shall expire
one hundred and twenty days after the submission of the final report of the
Commission pursuant to section 5(h).

RESPONSIBILITIES

SEC. 4. (a) In conformity with the provisions of section 2 of this Act, it
shall be the duty of the President with the advice and assistance of the
Council to

( 1) survey all significant marine science activities, including the poli-
cies, plans, programs, and accomplishments of all departments and
agencies of the United States engaged in such activities;

(2) develop a comprehensive program of marine science activities,
including, but not limited to, exploration, description and prediction of
the marine environment, exploitation and conservation of the resources
of the marine environment, marine engineering, studies of air-sea inter-
action, transmission of energy, and communicatiiis, to be conducted by
departments and agencies of the United States, independently or in
cooperation with such non-Federal organizations as States, institutions
and industry;

(3) designate and fix responsibility for the conduct of the foregoing
marine science activities by departments and agencies of the United
States;

(4) insure cooperation and resolve differences arising among de-
partments and agencies of the United States with respect to marine
science activities under this Act, including differences as to whether a
particular project is a marine science activity;

(5) undertake a comprehensive study, by contract or otherwise, of the
legal problems arising out of the management, use, development, recov-
ery, and control of the resources of the marine environment;

(6) establish long-range studies of the potential benefits to the
United States economy, security, health, and welfare to be gained from
marine resources, engineering, and science, and the costs involved in
obtaining such benefits; and
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(7) review amually all marine science activities conducted by de-
partments and agencies of the United States in light of the policies,
plans, programs, and priorities developed pursuant to this Act.

(b) In the planning and conduct of a coordinated Federal program the
President and the Council shall utilize such staff, interagency, and non-
Government advisory arrangements as they may find necessary and appro-
priate and shall consult with departments and agencies concerned with
marine science activities and solicit the views of non-l'ederal organizations
and individuals with capabilities in marine scences.

COMMISSION ON MARINE SCIENCE, ENGINEERING, AND RESOURCES

SEC. 5. (a) The President shall establish a Commission on Marine Scieace,
Engineering, and Resources (in this Act referred to as the "Cormnission").
The Commission shall be composed of fifteen members appointed by the
President, including individuals drawn from Federal and State govern-
ments, industry, universities, laboratories and other institutions engaged in
marine scientific or technological pursuits, but not more than five members
shall be from the Federal Government. In addition the Commission shall
have four advisory members appointed by the President from among the
Members of the Senate and the House of Representatives. Such advisory
members shall not participate, except in an advisory capacity, in the formu-
lation of the findings and recommendations of the Commission. The Presi-
dent shall select a Chairman and Vice Chairman from among such 15
members. The Vice Chairman shall act as Chairman in the tatter's absence.

(b) The Commission shall make a comprehensive investigation and
study of all aspects of marine science in order to recommend an overall plan
for an adequate national oceanographic program that will meet the present
and future national needs. The Commission shall undertake a review of
existing and planned marine science activities of the United States in
order to assess their adequacy in meeting the objectives set forth under
section 2 (b) , including but not limited to the following:

(1) Review the known and contemplated needs for natural resources
from the marine environment to maintain our expanding national
economy.

(2) Review the surveys, applied research programs, and ocean
engineering projects required to obtain the needed resources from
the marine environment.

(3) Review the existing national research programs to insure realistic
and adequate support for basic oceanographic research that will en-
hance human welfare and scientific knowledge.

(4) Review the existing oceanographic and ocean engineering pro-
grams, including education and technical training, to determine which
programs are required to advance our national oceanographic com-
petence and stature and which are not adequately supported.

(5) Analyze the findings of the above reviews, including the eco-
nomic factors involved, and recommend an adequate national marine
science program that will meet the present and future national needs
without unnecessary duplication of effort.

(6) Recommend a governmental organizational plan with estimated
cost.
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(c) Members of the Commission appointed from outside the Government
shall each receive $100 per diem when engaged in the actual performance
of duties of the Commission and reimbursement of travel expenses, includ-
ing per diem in lieu of subsistence, as authorized in section 5 of the Adminis-
trative Expenses Act of 1946, as amended (5 U.S.C. 73b-2), for persons
employed intermittently. Members of the Commission appointed from within
the Government shall serve without additional compensation to that received
for their services to the Government but shall be reimbursed for travel
expenses, including per diem in lieu of subsistence, as authorized in the
Act of June 9,1949, as amended (5 U.S.C. 835-842).

(d) The Commission shall appoint and fix the compensation of such
personnel as it deems advisable in accordance with the civil service laws
and the Classification Act of 1949, as amended. In addition, the Commis-
sion may secure temporary and intermittent services to the same extent
as is authorized for the departments by section 15 of the Administrative
Expenses Act of 1946 (60 Stat. 810) but at rates not to exceed $100 per
diem for individuals.

(e) The Chairman of the Commission shall be responsible for (1) the
assignment of duties and responsibilities among such personnel and their
continuing supervision, and (2) the use and expenditures of funds avail-
able to the Commission. In carrying out the provisions of this subsection,
the Chairman shall be governed by the general policies of the Commission
with respect to the work to be accomplished by it and the timing thereof.

(f) Financial and administrative services (including those related to
budgeting, accounting, financial reporting, personnel, and procurement)
may be provided the Commission by the General Services Administration,
for which payment shall be made in advance, or by reimbursement from
funds of the Commission in such amounts as may be agreed upon by the
Chairman of the Commission and the Administrator of General Services:
Provided, That the regulations of the General Services Administration for
the collection of indebtedness of personnel resulting from erroneous pay-
ments (5 U.S.C. 46d) shall apply to the collection of erroneous payments
made to or on behalf of a Commission employee, and regulations of said
Administrator for the administrative control of funds (31 U.S.C. 665(g) )
shall apply to appropriations of the Commission: And provided further,
That the Commission shall not be required to prescribe such regulations.

(g) The Commission is authorized to secure directly from any executive
department, agency, or independent instrumentality of the Government any
information it deems necessary to carry out its functions under this Act;
and each such department, agency, and instrumentality is authorized to
cooperate with the Commission and, to the extent permitted by law, to fur-
nish such information to the Commission, upon request made by the
Chairman.

(h) The Commission shall submit to the President, via the Council, and
to the Congress not later than eighteen months after the establishment of
the Commission as provided in subsection (a) of this section, a final report
of its findings and recommendations. The Commission shall cease to exist
thirty days after it has submitted its final report.
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INTERNATIONAL COOPERATION

SEC. 6. The Council, under the foreign policy guidance of the President
and as he may request, shall coordinate a program of international cooper-
ation in work done pursuant to this Act, pursuant to agreements made by
the President with the advice and consent of the Senate.

REPORTS

Sec. 7. (a) The President shall transmit to the Congress in January of
each year a report, which shall include (1) a comprehensive description of
the activities and the accomplishments of all agencies and departments of
the United States in the field of marine science during the preceding fiscal
year, and (2) an evaluation of such activities and accomplishments in terms
of the objectives set forth pursuant to this Act.

(b) Reports made under this section shall contain such recommendations
for legislation as the President may consider necessary or desirable for the
attainment of the objectives of this Act, and shall contain an estimate of
funding requirements of each agency and departrnent of the United States for
marine science activities during the succeeding fiscal year.

DEFINITION S

SEC. 8. For the purposes of this Act the term "marine science" shall be
deemed to apply to oceanographic and scientific endeavors and disciplines,
and engineering and technology in and with relation to the marine environ-
ment; and the term "marine environment" shall be deemed to include (a) the
oceans, (b) the Continental Shelf of the United States, (c) the Great Lakes,
(d) seabed and subsoil of the submarine areas adjacent to the coasts of the
United States to the depth of two hundred meters, or beyond that limit, to
where the depths of the superjacent waters admit of the exploitation of the
natural resources of such areas, (e) the seabed and subsoil of similar sub-
marine areas adjacent to the coasts of islands which comprise United States
territory, and (f) the resources thereof.

AUTH0121744,ON

Sec. 9. There are hereby authorized to be appropriated such sums as may
be necessary to carry out this Act, but sums appropriated for any one fiscal
year shall not exceed $1,500,000.

AMENDMENT

(Public Law 90-242, January 2, 1968)
AN ACT To amend the Marine Resources and Engineering Development Act of 1986, as

amended, to extend the period of time within which the Commission on Marine Science,
Engineering, and Resources is to submit its final report and to provide for a fixed ex-
piration date for the National Council on Marine Resources and Engineering Development.

Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That the Marine Resources and
Engineering Development Act of 1966 is amended as follows:
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Subparagraph (h) of section 5 is amended by striking out "eighteen" and
inserting "twenty-four" in lieu thereof.

SEC. 2. Subparagraph (f) of section 3 is amended by striking out "one hun-
dred and twenty clays after the submission of the final report of the Commis-
sion pursuant to section 5(h)." and inserting in lieu thereof " 'on June 30,
1969.' ".

AMENDMENT

(Public Law 91-95, May 23, 1969)

AN ACT To amend the Marine Resources and Engineering Develoi.mcnt Act of 1966 to
continue the National Council on Marine Resources and Engineering Development, and
for other purposes.

Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That subsection (f) of section 3
of the Marine Resources and Engineering Development Act of 1966 (33
U.S.C. 1102(f) ) is amended by striking out "June 30, 1969" and inserting
in lieu thereof "June 30, 1970".

SEC. 2. Section 9 of such Act (33 U.S.C. 1108) is amended by striking
out "$1,500,000" and inserting in lieu thereof "$1,200,000".

Appendix B-3National Sea Grant College and Program Act of 1966

(Public Law 89-688, October 15, 1966)
AN ACT To amend the Marine Resources and Engineering Development Act of 1968 to

authorize the establisbment and operation of sea grant colleps and programs by initiat-
ing and supporting programs of education and research in the various fields relating to
the development of marine resources, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That the Marine Resources and
Engineeting Development Act of 1966 is amended by adding at the end
thereof the following new title:

"TITLE IISEA GRANT COLLEGES AND PROGRAMS

"SHORT TITLE

"Sec. 201. This title may be cited as the `National Sea Grant College and
Program Act of 1966.'

"DECLARATION OF PURPOSE

"SEC. 202. The Congress heieby finds and declares
"(a) that marine resources, including animal and vegetable life and

mineral wealth, constitute a far-reaching and largely untapped asset
of immense potential significance to the United States; and

"(b) that it is in the national interest of the United States to develop
the skilled manpower, including scientists, engineers, and technicians,
and the facilities and equipment necessary for the exploitation of these
resources; and
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"(c) that aquaculture, as with agriculture on land, and the gainful
use of marine resources can substantially benefit the United Star's, and
ultimately the people of the world, by providing greater economic op-
portunites, including expanded employment and commerce; the enjoy-
rnent and use of our marine resources; new sources of food; and new
means for the development of marine resources; and

"(d) that Federal support toward the establishment, development,
and operation of programs by sea grant colleges and Federal support of
other sea grant programs designed to achieve the gainful use of marine
resources, offer the best means of promoting programs toward the goals
set forth in clauses (a), (b), and (c), and should be undertaken by the
Federal Government; and

"(e) that in view of the importance of achieving the earliest possible
institution of significant national activities related to the development
of marine resources, it is the purpose of this title to provide for the
establishment of a program of sea grant colleges and education, training,
and research in the fields of marine science, engineering, and related
disciplines.

"GRANTS AND CONTRACTS FOR SEA GRANT COLLEGES AND PROGRAMS

"SEC. 203. (a) The provisions of this title shall be administered by the
National Science Foundation (hereafter in this title referred to as the
`Foundation') .

"(b) (1) For the purpose of carrying out this title, there is authorized to be
appropriated to the Foundation for the fiscal year -nding June 30, 1967, not
to exceed the sum of $5,000,000, for the fiscal year ending June 30, 1968, not
to exceed the sum of $15,000,000, and for each subsequent fiscal year only
such sums as the Congress may hereafter specifically authorize by law.

"(2) Amounts appropriated under this title are authorized to remain avail.
able until expended.

"MARINE RESOURCES

"Ste. 204. (a) In carrying out the provisions of this title the Foundation
shall (1) consul: with those experts engaged in pursuits in the various fields
related to the development of marine resources and with all departments
and agencies of the Federal Government (including the United States Office
of Education in all matters relating to education) interested in, or affected
by, activities in any such fields, and (2) seek advice and counsel from the
National Council on Marine Resources and Engineering Development as
provided by section 205 of this title.

"(b) The Foundation shall exercise its authority under this title by

"(I) initiating and supporting programs at sea grant colleges and
other suitable institutes. laboratories, and public or private agencies for
the education of participants in the various fields relating to the develop-
ment of marine resources:

"(2) initiating and supporting necessary research programs in the
various fields relating to the development of marine resources, with
preference given to research aimed at practices, techniques, and design
of equipment applicable to the development of marine resources; and
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"(3) encouraging and developing programs consisting of instruction,
practical demonstrations, publications, and otherwise, by sea grant col-
leges and other suitable institutes, laboratories, and public or private
agencies through marine advisory programs with the object of impart-
ing useful information to persons currently employed or interested in the
various fields related to the development of marine resources, the scien-
tific community, and the general public.

"(c) Programs to carry out the purposes of this title shall be accomplished
through contracts with, or grants to, suitable public or private institutions of
higher education, institutes, laboratories, and public or private agencies
which are engaged in, or concerned with, activities in the various fields re-
lated to the development of marine resources, for the establishment and
operation by them of stch programs.

"(d) (1) The total amount of payments in any fiscal year under any grant
to or contract with any participant in any program to be carried out by such
participant under this title shall not exceed 66% per centum of the total
cost of such program. For purposes of computing the amount of the total
cost of any such program furnished by any participant in any fiscal year, the
Foundation shall include in such computation an amount equal to the
reasonable value cl any buildings, facilities, equipmeat, supplies, or services
provided by such participant with respect to such program (but not the cost
or value of land or of Federal contributions).

"(2) No portion of any payment by the Foundation to any participant
in any program to be carried out under this title shall be applied to the
purchase or rental of any land or the rental, purchase, construction, preserva-
tion, or repair of any building, dock, or vessel.

"(3) The total amount of payments in any fiscal year by the Foundation
to participants svithin any State shall not exceed 15 per centum of the total
amount appropriated to the Foundation for the purposes of this title for
such fiscal year.

"(e) In allocating funds appropriated in any fiscal year (or the purposes
of this title the Foundation shall endeavor to achieve maximum participation
by sea grant colleges and other suitable institutes, laboratories, and public or
private agencies throughout the United States, consistent svith the purposes
of this title.

"(1) In carrying out its functions under this tide, the Foundation shall
attempt to support programs in such a manner as to supplement and not
duplicate or overlap any existing and related Government activities.

"(g) Except as otherwise provided in this title, the Foundation shall, in
carrying out its functions under this tide, have the same powers and authority
it has under the National Science Foundation Act of 1950 to carry out its
(unctions under that Act.

"(h) The head of each department, agency, or instrumentality of the Fed-
eral Government is authorized, upon request of the Foundation, to make
available to the Foundation, from time to time, on a reimbursable basis,
such personnel, senices, and facilities as may be necessary to assist the Four.
dation in carrying out its functions under this title.

"(i) For the purposes of this title
"(I) the term 'development of marine resources means scientific
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endeavors relating to the marine environment, including, but not limited
to, the fields oriented toward the development, conservation, or eco-
nomic utilization of the physical, chemical, geological, and biological
resources of the marine environment; the fields of marine commerce
and marine engineering; the fields relating to exploration or research in,
the recovery of natural resources from, and the transmission of energy
in, the marine environment; the fields of oceanography and cceanology;
and the fields with respect to the study of the economic, legal, medical,
or sociological problems arising out of the management, use, develop-
ment, ram ery, and control of the natural resources of the marine
environment;

"(2) the term 'marine environment' means the oceans; the Con-
tinental Shelf of the United States; the Great Lakes; the seabed and
subsoil of the submarine areas adjacent to the coasts of the United
States to the depth of two hundred meters, or beyond that limit, to where
the depths of the superjacent waters admit of the exploitation of the nat-
ural resources of the area; the seabed ancl subsoil of similar submarine
areas adjacent to the coasts of islands which comprise United States
territory; and the natural resources thereof;

"(3) the term 'sea grant college' means any suitable public or private
institution of higher education supported pursuant to the purposes of this
title which has major programs devoted to increasing our Nation's utili-
zation of the world's marine resources; and

"(4) the tenn 'sea grant program' means (A) any activities of edu-
cation or research related to the development of marine resources sup-
ported by the Foundation by contracts with or grants to institutions of
higher education either initiating, or developing existing programs in
fields related to the purposes of this title, (B) any activities of education
or research related to the development of marine resources supported by
the Foundation by contracts with or grants to suitable institutes labor a-
tones, and public or private agencies, and (C) any programs of advisory
services oriented towards imparting information in fields related to the
development of marine resources supported by the Foundation by Con-
tracts with or grants to suitable institutes, laboratories, and public or
private agencies.

"ADV 1 SOAY FUNCTIONS

"Sec. 20S. The National Council on Marine Resources and Engineering
Ikvelopment established by section 3 of title I of this Act shall, as the
President may request

"( I ) advise the Foundation with respect to the policies, procedures,
and operations of the Foundation in carrying out its functions under
this title;

"(2) provide policy guidance to the Foundation with respect to
contracts or grants in support of programs conducted pursuant to this
title, and make such recommendat:ol.s thereon to the Foundations as
may be appropriate; and

"(9) submit an annual report on its activities and its recommenda-
tions under this section to the Speaker of the !louse of Representatives,
the Committee on Merchant Marine and Fisheries of the House of
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Representatives, the President of the Senate, and she Committee on
Labor and Public Welfare of the Senate."

SEC. 2. (a) The Marine Resources and Engineering Development Act of
1966 is amended by striking out the first section and inserting in lieu thereof
the following:

"TITLE IMARINE RESOURCES AND ENGINEERING
DEVELOPMENT

"SHORT TITLE

"SECTION 1. This title may .be cited as the 'Marine Resources and En-
gineering Development Act of 1966'."

(b) Such Act is further amended by striking out "this Act" the first place
it appears in section 4(a), and also each place it appears in sections 5(a),
8, and 9, and inserting in lieu thereof in each such place "this title".

AMENDMENT

(PUBLIC LAW 90-477, AuousT 11, 1968)

AN ACT To amend title It of the Marine Rtrourcog and Engineering Derelopment Act
of 1968

Be it enacted by the Senate and !louse of Representatives of the United
States of America in Congress assern;led, That title II of the Marine Re-
sources and Engineering Development Act of 1966 is amended as follows:

(1) Section 203 (b) ( I ) of the Marine Resources and Engineering Devel-
opment Act of 1966 is amended by inserting immediately after "for the fiscal
year ending June 30, 1968, not to exceed the sum of $15,000,000," the
following: "for the fiscal year ending June 30, 1969, not to exceed the
sum of $6,000,000, for the fiscal year ending June 30, 1970, not to exceed
the sum of $15,000,000.".

(2) Section 204(d) (1) of the Marine Resources and Engineering Devel-
opment Act of 1966 ;s amended by deleting the phrase "in any fiscal )ear"
each time it appears therein.

",pendle P-1 Concurrent Resolutions Introduced In Congress en
International Decade of Ocean Exploration

If. Con. Res. 57'
Whereas the Cqnsress finds that an unprecedented scientific and techno-

logical readine.s now exists for exploration of the oceans and their
resources; and

Whereas accelerated exploration of the nature, extent, and distribution of
ocean resources could significantly increase the food, mineral, and energy
resources available for the benefit of mankind; and

' A similar con( tarter' tekr!ution (S. Con. Res 23' ..as introduced in the Senate.
Action has not be& taken upon tither concurrent resolution as of Jan. 13, 1970.
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Whereas improved understanding of ocean processes would enhance the
protection of life and property against severe storms and other hazards,
would further the safety of maritime commerce, would directly con-
tribute to the development of coastal areas of the Nation, would benefit
the Nation's fishing and mineral extractive industries, and would con-
tribute to advancement of a broad range of scientific disciplines; and

Whereas realization of the full potential of the oceans will require a long-
term program of exploration, observation, and study on a worldwide
basis, utilizing ships, buoys, aircraft, satellites, undersea submersibles,
and other platforms, advanced navigation systems, and expanded data
ph.xessing and distribution facilities; and

Whereas the inherently international character of ocean phenomena has
attracted the interest of many nations; and

Whereas excellence, experience, and capabilities in marine science and
technology arc shared by many nations and a broad program of ocean
exploration can mcst effectively and economically be carried out
through a cooperative effort by many nations of the world; and

Whereas the United States has begun to explore, through the United Nations
and other forums, international interest in a long-term program of
ocean exploration: Now, therefore, be it

Rooked by the House of Representatives (the Senate concurring,, That
it is the sense of Congress that the United States should participate in and
give full support to an International Decade cf Ocean Exploration during
the 1970's which would include (1) an expanded national program of
exploration in waters close to the shores of the United States, (2) inten-
sified exploration activities in waters more distant from the United States,
and (3) accelerated development of the capabilities of the United States
to explore the oceans and particularly the training and education of needed
scientists, engineers, and technicians.

SEC. 2. It is further the sense of Congress that the President should
cooperate with other nations in (1) encouraging broad international par-
ticipation in an International Decade of Ocean Exploration, (2) sharing
results and experiences from national ocean exploration programs, (3)
plann;ng and coordinating international cooperative projects within the
framework of a sustained, long-range international effort to investigate
the world' oceans, (4) strengthening and expanding international arrange-
ments for the timely international exchange of oceanogrophic data, and
(5) providing appropriate technical and training ass;stance and facilities
to the developing countries and support to international organizations so
they may effectively contribute their share to the International Decade of
Ocean Exploration.

SEC. 3. It h further the sense of Congress that the President in his annual
report to the Congress on marine science affairs pursuant to Public Law
89-454 should transmit to the Congress a plan setting forth the proposed
participation of the United States for the next fiscal year in the International
Decade of Ocean Exploration. The plan should contain a statement of the
activities to be conducted and specify the department or agency of the
Government which would conduct the activity and seek appropriations
there! or.
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APPENDIX CMARINE SCIENCES COUNCIL ACTIVITIES,
CONTRACTS, AND REPORTS

Appendix C-1Congressional Testimony on Government-Wide issues

note Topic Committee

10/10/66

10/17/66

3/13/67

3/17/67

8/17/67

10/11/67

11/28/67

2/19/68

3/ 7/68

3/13/68

4/ 9/68

3/27/68

6/24/68

6/26/68

7/29/68

3/ 7/69

4/ 1/69

7/ 9/69

Council program and budget for
fiscal year 1967.

Council program and budget for
fiscal year 1967.

Council program and budget for
focal year 1968.

Council program and budget for
fiscal year 1968.

Review of Council activities on first
anniversary of Council.

11.R. 3273, to extend deadlir.e for
Commission report and lifetime of
the Council.

S. 1262, to authorize Corps of
Engineers shoreline study.

H.R. 15224, improvements for
Coast Guard, research ship.

Council program and budget for
fiscal year 1969.

Council program and budget for
fiscal year 1969.

H.R. 15490, to increase appropria-
tion for FPC pilot plant.

H.R. 11584, et al., to establish sys.
tern of marine sanctuaries.

H.R. 13781, to extend authorization
of the Sea Grant Program.

S. 3030, et al., to enable RCP to
proceed with FPC plant.

H. Con. Res. 803, to express con-
currence with objectives of
Decade of Ocean Exploration.

H.R. 5829, to extend lifetime of
Council o June 30, 1970.

H.R. 6495, to control oil pollution
from ships, and other purposes.

Council program and budget for
fiscal year 1969.

1/22/69, Centralization of Federal science
7/28/69 activities.

7/31/69 Use of marine sources of food to
Improve nutrit:onal conditions of
American citizens.

9/16/69 National oceanographic program
and report of Commission on
Marine Science, Engineering, and
Resources.

HowSubcommittee on Supple.
mental Appropriations.*

Smarr -Subcommittee on Defi-
ciencies and Supplcmentals.'

House Subcommittee on Interior
and Related Agencies.*

&mareSubcommittee on In.crior
and Related Agencies.'

//oustSubcommittee on Ocean.
ography'

!louse Subcommittee on Ocean-
ography.'

Senate Subcommittee on Flood
Control, Rivers and Harbors.'

Houtz Subcommittee on Coast
Guard, C &GS, and Navigation.'

&mareSubcommittee on Interior
and Related Agencies.'

1 fowl Subcommittee on Interior
and Related Agencies.'

limeSubcommittee on Fisheries
and Wildlife Conservation.'

HourrSubcommittee on Ocean.
ography.'

Senate Committee on Commerce.

noun, Subcommittee on Fisheries
and Wildlife Conservation.'

//PlotSubcommittee on Ocean-
ography.'

/loan Subcommittee on Ocean-
ography.

/font Subcommittee on Ocean-
ography.

Swart Appropriations, Subcom-
mittee on the Department of the
Interior and related agencies.

/fintoScience and Astronautics,
Subcommittee on Science,
Research, and Development.

SmarrSelect Committee on
Nutrition and Human Needs.

MartMerchant Marine and
Fisheries, Subcommittee on
Oceanography.

t Tesurbony by ttscutite Pecterry, Muir* Meows Come.
I Coma kW en Jty Ttoysistlatts.
1 CottIsilts en Yretbant Wart.) an -I Fisheries.
I OceassItto so NW* Worts.
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APPENDIX CMARINE SCIENCES COUNCIL ACTIVITIES,
CONTRACTS, AND REPORTSContinued

Appendix C-2Contracts Sponsored by the Marine Sciences Council

Subject Contractor Amount Report 110.1

International legal problems
of ocean research.

Law for sea's minerals

Potential of spacecraft
oceanography.

Potential of aquaculture

Encouraging marine resource
development.

Systems analysis of specified
trawler operations.

Nonmilitary needs for under-
water technology.

International law and fishery
policy.

Multiple use of Chesapeake
Bay.

Economic potential of U.S.
continental margin.

Management of marine data
systems, Phase I.

Evaluation of marine resource
statistics.

Outline of marine legal con
flkts.

International Indian Ocean
Expedition.

Legal aspects of coastal land-
sea interface.

Legal aspects of Great Lakes
resources.

Seminar on liability aspects
of marine activities.

Multiple use of the Greater
Seattle Harbor.

Conference on future of fish-
ing industry.

Se* footnotes at etd of table.
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William T. Burke, Ohio State $7, 100 PB 177724
University.

Louis Henkin, Columbia Law $10, 000 PB 177725
School.

General Electric, Valley Forge, $59, 433 PB 177726
Pa.

American Institute of Biologi- $30, 756 PB 177767
cal Scic nee, Vash ington, D C. PB 177768

National Planning Association, $30, 000 PB 178203
Washington, D.C.

Litton Industries, Beverly Hills, $89, 373 PB 178661
Calif. PB 178662

Southwest Research Institute, $63,000 PB 178687
San Antonio, Tex.

Paul W. Dodyk, Columbia $7, 425 PB 179427
Law School.

Trident Engineering Asso- $31, 112 PB 179844
elates, Annapolis, Md.

Economic Associates, Inc., $70, 000 PB 180118
Washington, D.C.

System Development Corp., $75, 000 AD 673992
Santa Monica, Calif. 673993

Surveys & Research Corp., $6, 400
Washington, D.C.

William L. Griffin, Washing. $4, 200
ton, D.C.

Robert G. Snider, State Col- $6, 000
lege, Pa.

Albert Garrason, New York $20, 000 PB 179428
University Law School.

do $20, 000 PB 186000

American Trial Lawyers Asso- SI, 000
ciation, New York, N.Y.

Management & Economics $35, 235 PB 183026
Research, Inc., Palo Alto,
Calif.

University of Washington, $5, 000
Seattle, Wash.



APPENDIX CMARINE SCIENCES COUNCIL ACTIVITIES,
CONTRACTS, AND REPORTSContinued

Appendix C-2Continued

Subject Contractor Amount Report No.'

Multiple use of Lakes Erie
and Superior.

Multinational investments in
mar;ne sciences.

National Planning Association,
Washington, D.C.

Institute of Politics and Plan-
ning, Washington, D.C.

$41, 194

$25,000

PB 185163

PB 182437

Catalogue of marine re
search.

Smithsonian Institution,
Washington, D.C.

$43, 186

Science and engineeml
aspects of Decade of
Ocean Exploration.

National Academies of Sci-
ences and Engineering,
Washington, D.C.

$50, 000 PB 183679

Gulf of Mexico Research
and Environmental Pro-
gram.

Gulf Universities Research
Corp., Houston, Tex.

$10, 000 PB 183680

Economic aspects of selected
ocean related activities.

Massachusetts Institute of
Technology.

$74, 300

Collection and analysis of
information in support of
the gulf environment
measurement program.

Florida Institute of Oceanog-
raphy.

$2, 000

Federal Planning for U.S.
Participation in the Inter-
national Decade of Ocean

National Academies of Sci-
ences and Engineering,
Washington, D.C.

$43, 000

Exploration.
Alternative international sea-

bed regimes governing
development of nonliving
resources.

The Brookings Institution,
Washington, D.C.

$15, 000

Intergovernmental Relations
and the National Interest
in the U.S. Coastal Zone.

Harold F. Wise & Associates,
Washington, D.C.

$20, 000 PB 184212

Management of Marine Data
Systems, Phase

System Development Corp.,
Santa Monica, Calif.

$577, 805 Al) 699125
(Vol 1).

AD 699126
(Vol 2).

horn the Clearinghouse tot Federal Scientific and Technksi Information. Springfield
Vs. SI.

*Intl/ 'Volumed with Nstional Science Foundetion.
Int aide by the Superintendent s4 Documents. U.S. Oorsinment Printing Ottice, Washington, D.C.
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APPENDIX CMARINE SCIENCES COUNCIL ACTIVITIES,
CONTRACTS, AND REPORTSContinued

Appendix C-3Reports of the Marine Sciences Council

Title Date

Marine Science AffairsA Year of Transition: The First Report of
the President to the Congress on Marine Resources and Engineer-
ing Development.

Aquatic Sciences in the Great Lakes Area
Oceanographic Ship Operating Schedules, 1968
University Curricula in the Marine Sciences, Academic Year

1967-68.
Addendum to University Curricula in the Marine Sciences, Aca-

demic Year 1967-68.
United States Activities in Spacecraft Oceanography
Marine Science AffairsA Year of Plans and Progress: The Second

Report of the President to the Congress on Marine Resources and
Engineering Development.

Marine Science Activities of Canada and the Nations of Europe
Marine Science Activities of the Nations of East Asia
Marine Science Activities of the Nations of Latin America
Marine Science Activities of the Nations of the Near East and South

Asia.
Marine Science Activities of the Nations of Africa
Oceanographic Ship Operating Schedules, 1968
International Decade of Ocean Exploration
Oceanographic Ship Operating Schedules, September 1968 -

February 1969.
Marine Science AffairsA Year of Broadened Participation: The

Third Report of the President to the Congress on Marine Re.
sources and Engineering Development

University Curricula in the Marine Sciences and Related Sciences
and Related FieldsAcademic Years 1969-70 and 1970-71.1

Marine Research Fiscal Year 1968A Catalog of Unclassified
Marine Research Activities Sponsored During Fiscal Year 1968
by Federal and Nonfederal Organizations. I

Oceanographic Ship Operating Schedules, November 1969-April
1970.1

February 1967'

March 1967'
July 19671
August 1967'

August 19671

October 1967'
February 1968'

April 1968'
April 1968'
April 1968'
April 1968'

April 1968'
April 19681

AMuaguy si t968I1968'

January 1969'

October 19691

July 19691

October 19691

I r01 sale by the Superintendent of Documents, U.S. Government Prinal Offito, Washington, D.C.
20102.

1 Available from Marino Science Affairs Staff of tbe loranotrspbet of the Navy, Bulkling 150-E, toom
43, Navy Yard, Washington, D.C. 30190.
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APPENDIX DACTIVITIES OF INTERNATIONAL ORGANIZATIONS
AND OTHER NATIONS

Appendix D-1Resolutions Adopted by the United Nations General
Assembly

QUESTION OF TIIF. RESERVATION EXCLUSIVELY FOR PEACEFUL PURPOSES
OF THE SEA-BED AND THE OCEAN FLOOR, AND THE SUBSOIL THEREOF,
UNDERLYING THE HIGH SEAS BEYOND THE LIMITS OF PRESENT NATIONAL
JURISDICTION, AND THE USE OF THEIR RESOURCES IN THE INTERESTS
OF MANKIND

A. 2574A (XXIV)
Ascertaining Member Views on Convening Law of the Sea
Conference

The General Assembly,
Recalling its resolutions 2340 (XXII) of 18 December 1967 and 2467

(XXIII) of 21 December 1968,
Having regard for the fact that the problems relating to the high seas,

territorial waters, contiguous zones, the continental shelf, the superjacent
waters, and the sea-bed and ocean floor beyond national jurisdiction, are
closely linked together,

Considering that the definition of the Continental Shelf contained in the
Convention on the Continental Shelf of 29 April 1958 does not define with
sufficient precision the limits of the area over which a coastal State exer-
cises sovereign rights for the purpose of exploration and exploitation of
natural resources, and that customary international law on the subject is
inconclusive,

Noting that developing technology is making the entire sea-bed and
ocean floor progressively accessible and exploitable for scientific, economic,
military and other purposes,

Affirming that there exists an area of the sea-bed and ocean floor and
the subsoil thereof which lies beyond the limits of national jurisdiction,

Affirming further that this area should be used exclusively for peaceful
purposes and its resources utilized for the benefit of all mankind,

Convinced of the urgent necessity of preserving this area from encroach
ment, or appropriation by any State, inconsistent with the common interest
of mankind,

Noting that the establishment of an equitable international regime for
this area would facilitate the task of determining the limits of the area to
which that regime is to apply,

Noting further the continuing efforts of the Committee on the Peaceful
Uses of the Sea-Bed and the Ocean Floor beyond the Limits of National
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Jurisdiction to elaborate such a regime in accordance Nvi t h paragraph 2(a) of
resolution 2467A (XXIII),

1. Requests the Secretar -General to ascertain the views of Member
States on the desirability of convening at an early date a conference on the
law of the sea to review the regimes of the high seas, the continental shelf,
the territorial sea and contiguous zone, fishing and conservation of the
living resources of the high seas, particularly in order to arrive at a dear,
precise and internationally accepted definition of the area of the seabed and
ocean floor which lies beyond national jurisdiction, in the light of the
international regime to be established for that area;

2. Requests the Secretary-General to report on the results of his con-
sultation to the General Assembly at its twenty-fifth session.

15 December 1969

B. 257413 (XXIV)

Requesting U.N. Sea-Bed Committee to Prepare Sea-Bed Prin-
ciples and Rules for Exploitation of Sea-Bed Resources.

The General Assembly,
Recalling its resolution 2340 (XXII) of 18 December 1967 and 2467

(XXIII) of 21 December 1968,
!fazing considered the report of the Committee on the Peaceful Uses

of die Sea-Bed and the Ocean Floor beyond the Limits of National Jurisdic-
tion,

Expressing its satisfaction to the International Atomic Energy Agency,
the International Labour Organisation, the Food and Agriculture Organiza-
tion of the United Nations, the United Nations Educational, Scientific and
Cultural Organization, and to the Intergovernmental Oceanographic Com-
mission and the Inter-Governmental Maritime Consultative Organization
for their participation in and contribution to the Committee's work, as well
as to the Secretar-General for his assistance,

1. Takes note with appreciation of the report of the Committee on the
Peaceful Uses of the Sea-Bed and the Ocean Floor beyond the Limits of
National Jurisdiction;

2. Invites the Committee to consider further the questions entrusted
to it under resolution 2467 (XXIII) with a view to formulating recom-
mendations on these questions, in the light of the reports and studies to be
made available to it and taking into account the views expressed in the
General Assembly at its twenty-fourth sessi ,n;

3. Notes with interest the synthesis at the end of the report of the Legal
Sub-Committee which reflects the extent of the work done in the formula-
tion of principles designed to promote international co-operation in the
exploration and use of the sea-bed and the ocean floor, and the subsoil
thereof, beyond the limits of national jurisdiction and to ensure the exploita-
tion of their resources for the benefit of mankind, irrespective of the geo-
graphical location of States, taking into account the special interests and
needs of the developing countries, whether land-locked or coastal:

4. Requests the Committee to expedite its work of preparing a compre-
hensive and balanced statement of these principles and to submit a draft
declaration to the General Assembly at its twenty-fifth session;
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5. Takes note of the suggestions contained in the report of the Economic
and Technical Sub-Committee;

6. Requests the Committee to formulate recommendations regarding
the economic and technical conditions and the rules for the exploitation of
the resources of this area in the context of the regime to be set up.

15 December 1969

C. 2574C (XXIV)
Requesting a Further Study on International Machinery

The General Assembly,
Recalling its resolution 2467 (XXIII) of 21 December 1968,
Noting with appreciation the report of the Committee on the Peaceful

uses of the Sea-Bed and the Ocean Floor beyond the Limits of National
Jurisdiction,

Noting with satisfaction the study on international machinery prepared
by the Secretary-General, which appears as annex II to that report,

Bearing in mind the recommendation of the Committee that the
Secretary-General should be requested to continue this study in depth,

1. Requests the Secretary-General to prepare a further study on various
types of international machinery, particularly a study covering in depth the
status, structure, functions and powers of an international machinery, having
jurisdiction over the peaceful uses of the sea-bed and the ocean floor, and
the subsoil thereof, beyond the limits of national jurisdiction, including the
power to regulate, co-ordinate, supervise and control all activities relating
to the exploration and exploitation of their resources for the benefit of man-
kind as a whole, irrespective of the geographical location of States, taking
into account the special interests and needs of the developing countries,
whether land-locked or coastal;

2. Requests the Secretary - General to submit his report thereon to the
Committee on the Peaceful Uses of the SeaBed and the Ocean Floor beyond
the Limits of National Jurisdiction for consideration during one of its ses-
sions in 1970;

3. Calls upon the Committee to submit a report on this question to the
General Assembly at its twenty-fifth session.

IS December 1969

D. 2574D (XXIV)
Calling for Moratorium on Exploitation of Seabed Resources
Pending Establishment of an International Regime

The General Assembly,
Recalling its resolution 2467A (XXIII) of 21 December 1968 to the

effect that the exploitation of the sea-bed and the ocean floor, and the sub-
soil thereof, beyond the limits of national jurisdiction, should be carried out
for the benefit of mankind as a whole, irrespective of the geographical loca-
tion of States, taking into account the special interests and needs of the de-
veloping countries,

Convinced that it is essential, for the achievement of this purpose, that
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such activities be carried out under an international regime, including appro-
priate international machinery,

Noting that this matter is under consideration by the Committee on the
Peaceful Uses of the Sea-Bed and the Ocean Floor beyond the Limits of
National Jurisdiction,

Recalling its resolution 2340 (XXII) of 18 December 1967 on the im-
portance of preserving the sea-bed and the ocean floor, and the subsoil
thereof, beyond the limits of national jurisdiction, from action and uses which
might be detrimental to the common interests of mankind,

Declares that, pending the establishment of the aforementioned inter-
national regime:

(a) States and persons, physical or juridical, are bound to refrain from
all activities of exploitation of the resources of the area of the sea-bed and
ocean floor, and the subsoil thereof, beyond the limits of national jurisdiction;

(b) No claim to any part of that area or its resources shall be recognized.
15 December 1969

E. 2560 (XXIV)
Requesting Intergovernrnent Oceanographic Commission of
UNESCO to Implement the Long Term and Expanded Pro-
gram of Oceanic Exploration and Research and International
Decade of Ocean Exploration

The General Assembly,
Recalling the considerations set forth in its resolution 2172 (XXI) of

6 December 1966,
Having noted with appreciation the report of the Secretary-General

entitled "Marine science and technology: survey and proposals", submitted
in response to resolution 2171 (XXI),

Noting also the note by the Secretary-General on the establishment of
an intersecretariat committee, which arose out of the suggestion of the Sec-
retary-General in his report on marine science and technology,

Recognizing the growing awareness of the importance c ,ans to
the progress of mankind,

Aware of the need to obtain more information cone( .ceans
and their resources,

Recalling the request in its resolution 2414 (XXIII ember
1968 that the Secretary-General present a comprehen f the
scope of a long-term and expanded programme of ocean n and
research, of which the international decade of ocean ex} he an
important element, taking into account the recommend, inter-
governmental Oceanographic Commission of the Unit( duca-
tional, Scientific and Cultural Organization and in co-op other
interested intergovernmental organizations,

Recalling also the request in its resolution 24671) )f 21
December 1968 that the Intergovernmental Oceanogi, iission
intensify its activities in the scientific field, co-operate N, tary-
General in the preparation of the comprehensive outfit ort to
the General Assembly at its tw ty-fourth session on pro in the
implementation of that resolution,
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Noting Economic and Social Council resolution 1470 (XLVII) of 17
November 1969, which transmits the comprehensive outline to the General
Assembly,

1. Notes with appreciation the comprehensive outline of the scope of
a long-term and expanded programme of oceanic exploration and research,
of which the international decade of ocean exploration will be an important
element, forwarded by the Chairman of the Intergovernmental Oceano-
graphic Commission to the Secretary-General and enclosed as an annex
to a note by the Secretary-General on this subject;

2. Reaffirms its conviction that any exploration or research carried out
under the long-term and expanded programme will be exclusively scientific
in nature and that all such activities falling under the national jurisdiction
of a State shall be subject to the previous consent of such State, in accord-
ance with international law ;

3. Requests the United Nations Educational, Scientific and Cultural
Organization and its Intergovernmental Oceanographic Commission to keep
that programme up to date and consider its implementation in appropriate
stages, in co-operation with other interested organizations, in particular the
United Nations, the Food and Agriculture Organization of the United Na-
tions, the World Meteorological Organization and the Inter-Governmental
Maritime Consultative Organization;

4. Urges Member States to co-operate with the Intergovernmental
Oceanographic Commission in the implementation of that programme in
appropriate stages;

5. Commends the close working relations that have developed between
the Intergovernmental Oceanographic Commission of the United Nations
Educational, Scientific and Cultural Organization and the United Nations,
the Food and Agriculture Organization of the United Nations, the World
Meteorological Organization and the Inter-Governmental Maritime Con-
sultatiN e Organization, including the establishment of the Intersecretariat
Committee on Scientific Programmes relating to Oceanography, which con-
sists of representatives of the latter organizations, to further, in consultation
with the Chairman of the Intergovernmental Oceanographic Commission,
the common aspects of the work of the Intergovernmental Oceanographic
Commission and those organizations;

6. Requests the Intergovernmental Oceanographic Commission of the
United Nations Educational, Scientific and Cultural Organization and the
organizations mentioned in paragraph 5 to continue to work closely together
for the furtherance of their common objectives, within their own terms of
reference;

7. Requests the Secretary-General to report to the Economic and Social
Council on the progress made in the updating and implementation of that
programme.

13 December 1969
F. 2566 (XXIV)

Promoting effective measures for the prevention and control
of marine pollution

The General Assembly,
Recalling its resolution 2414 (XXIII) of 17 December 1968 requesting
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the Secretary-General to report to the General Assembly at its twenty-fifth
session, inter alia, on the progress achieved by Member States and organiza-
tions concerned to promote the adoption of effective international agreements
on the prevention and control of marine pollution as may be necessary,

Recalling also its resolution 2467 B (XXIII) of 21 December 1968 on
the prevention of marine pollution which might result from exploration and
exploitation of the sea-bed and ocean floor,

Noting that a joint group of experts on the scientific aspects of marine
pollution has been established by the Food and Agriculture Organization of
the United Nations, the United Nations Educational, Scientific and Cultural
Organization, the World Meteorological Organization and the Inter-
Governmental Maritime Consultative Organization to give advice to these
agencies on this subject,

Taking into account the "Comprehensive outline of the scope of the
long-term and expanded programme of oceanic exploration and research ",
providing for a series of scientific 1,tudies which would review the state of the
ocean and its resources as regards pollution, and forecast long-term trends to
assist Governments individually and collectively to take the steps required
to counteract its effects,

Bearing in mind arrangements made by the Food and Agriculture Or-
ganization of the United Nations for the holding of a technical conference on
marine pollution and its effects on living resources and fishing, to be held
at Rome, in December 1970,

Recalling its resolution 2398 (XXIII) of 3 December 1968 on the con-
vening in 1972 of a United Nations Conference on the Human Environment
and of the Secretary-General on problems of the human environment which
inter alia, stresses the problems relating to marine pollution,

Noting the resolution on marine pollution adopted by the sixth As-
sembly of the Inter-Governmental Maritime Consultative Organization
calling for an international conference. in 1973 for the purpose of preparing
a suitable international agreement for placing restraints on the contamina-
tion of the sea, land and air by ships and other vessels or equipment operat-
ing in the marine environment,

Const.'ering that in spite of the sustained efforts being made at present
many aspects of marine pollution have not yet been dealt with or are not
being fully covered, and that additional agreements on this subject may be
required,

1. Requests the Secretary-General, in co-operation with the specialized
agencies and intergovernmental organizations concerned, to complement
reports and studies under preparation, with spec:al reference to the forth-
coming United Nations Conference on the Human Environment, by:

(a) A review of harmful chemical substances, radio-active materials
and other noxious agents and waste which may dangerously affect man's
health and his economic and cultural activities in the marine environment
and coastal areas;

(b) A review of national activities and activities of specialized agencies
of the United Nations and intergovernmental organizations dealing with
prevention and control of marine pollution including suggestions for more
comprehensive action and improved co-ordination in this field;
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(c) Seeking the views of Member States on the desirability and feasi-
bility of an international treaty or treaties on the subject;

2. Requests the Secretary-General to report to the Economic and Social
Council and the Preparatory Committee for the United Nations Conference
on the Human Environment, as appropriate, in the framework of the
preparations for the Conference.

13 December 1969

G. 2580 (XXIV)
Co-ordination of maritime activities

The General Assembly,
Having considered the report of the Enlarged Committee for Pro-

gramme and Co-ordination,
Noting that the Enlarged Committee was unable in the time available

to give thorough consideration to a proposal for more systematic co-ordina-
tion of continuing activities of the United Nations system relating to the
seas and oceans, is,

Aware of the complexity of the co-ordination of existing international
activities with regard to marine science and its applications and that the
field of marine science is only one aspect of the existing activities of the
United Nations system relating to the seas and oceans,

Noting that use by States of the marine environment is rapidly becom-
ing intensified and diversified,

Noting with appreciation the work done in this field by the organiza-
tions in the United Nat'ons system.

Concerned that present international machinery may not permit a
prompt, effective and flexible response to existing and emerging needs of
States members of the United Nations,

Recognizing that, in order to avoid the overlapping and duplication
programmes and gaps in competence, a full review of the existing activi
of United Nations system of organizations relating to the seas and oceans
may be urgently required,

1. Requests the Economic and Social Council, at its organizational ses-
sion in January 1970, to consider instructing the Committee for Programme
and Co-ordination, after reconstitution, to examine the need for a compre-
hensive review of existing activities of the United Nation system relating to
the seas and oceans in the light of present and emerging needs of Member
States, with a view to making the Committee's recommendations available
to the Council at is forty-ninth session;

2. Requests the Secretary-General to assist the Committee for Pro-
gramme and Co-ordination in the fulfillment of this task;

3. Invites the specialized agencies and the intergovernmental bodies
concerned to extend their full co-operation and assistance to the Committee
for Programme and Co-ordination.

15 December 1969
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Appendix D- 2 Seabed Arms Control Treaty

A. 2602F (XXIV)
Resolution Referring Seabed Arms Control Draft Treaty to
the Conference of the Committee on Disarmament

"The General Assembly,
"Recognizing the common interest of mankind in the reservation of the

sea-bed and ocean floor exclusively for peaceful purposes,
"Having considered the report of the Conference of the Committee on

Disarmament of 31 October 1969 and noting with appreciation the work
of that Committee in the elaboration of a draft treaty on the prohibitiol,
of the emplacement of nuclear weapons and other weapons of mass destruc-
tion on the sea-bed and the ocean floor and the subsoil thereof,

"Noting the suggestions and proposals in relation to the draft Treaty
containe-1 in annex A of the report of the Conference of the Committee on
Disarmament, which were made during the course of discussion in the First
Committee on this matter, as well as the suggestions made during the spe-
cial session of the Committee on the Peaceful Uses of the Sea-Bed and the
Ocean Floor beyond the Limits of National Jurisdiction,

"Considering that the prevention of a nuclear arms race on the sea-bed
and ocean floor serves the interests of maintaining world peace, reducing
international tensions, and strengthening friendly relations among States,

"Convinced that the conclusion of a treaty on the prohibition of the
emplacement of nuclear weapons and other weapons of mass destruction on
the sea-bed and ocean floor and in the subsoil thereof will constitute a step
towards the exclusion of the sea-bed, the ocean floor and the subsoil thereof
from the arms race,

"1. Welcomes the submission to this Assembly of the Draft Treaty on
the Prohibition of the Emplacement of Nuclear Weapons and Other
Weapons of Mass Destruction on the Sea-Bed and the Ocean Floor and the
Subsoil Thereof, contained in annex A of the report of t'-- conference of
the Committee on Disarmament and the various proposals and suggestions
made in regard to the draft treaty,

"2. Calls upon the Conference of the Committee on Disarmament to
take into account all proposals and suggestions that have been made at this
session of the General Assembly and to continue its work on this subject so
that the text of a draft treaty can be submitted to the General Assembly for
its consideration."

16 December 1969

B. Draft Treaty on the Prohibition of the Emplacement of Nuclear Weapons
and other Weapons of Mass Destruction on the Seabed and the Ocean
Floor and in the Subsoil thereof Submitted by the Union of Soviet So-
cialist Republics and United States of America

The States Parties to this Treaty,
Recognizing the common interest of mankind in the progress of the

exploration and use of the seabed and the ocean floor for peaceful purposes,
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Considering that the prevention of a nuclear arms race on the seabed
and the ocean floor serves the interests of maintaining world peace, reduces
international tensions, and strengthens friendly relations among States,

Convinced that this Treaty constitutes a step towards the exclusion
of the seabed, the ocean floor and the subsoil thereof from the arms race,
and determined to continue negotiations concerning further measures lead-
ing to this end,

Convinced that this Treaty constitutes a step towards a Treaty on
General and Complete Disarmament under strict and effective international
control, and determined to continue negotiations to this end,

Convinced that this Treaty will ther the purposes and principles
of the Charter of the United Nations, in a manner consistent with the prin-
ciples of international law and without infringing the freedoms of the high
seas,

Have agreed as follows:
Article I

1. The States Parties to this Treaty undertake not to emplant or em-
place on the seabed and the ocean floor .nd in the subsoil thereof beyond
the maximum contiguous zone provided for in the 1958 Geneva Conven-
tion on the Territorial Sea and the Contiguous Zone any objects with
nuclear weapons or any other types of weapons of mass destruction, as Iva
as structures, launching installations or any other facilities specifically
designed for storing, testing, or using such weapons.

2. The States Parties to this Treaty undertake not to assist, encourage
or induce any State to commit actions prohibited by this Treaty and not
to participate in any other way in such actions.

Article II

1. For the purpose of this Treaty the outer limit of the contiguous
zone referred to in Article I shall be measured in accordance with the
provisions of Section II of the 1958 Geneva Convention on the Territorial
Sea and the Contigums Zone and in accordance with international law.

2. Nothing in this Treaty shall be interpreted as supporting or preju-
dicing the position of any State Party with respect to rights or claims
which such State Party may assert, or with respect to recognition or non-
recognition of rights or claims asserted by any other State, related to waters
off its coasts, or to the seabed and the ocean floor.

Article III

1. In order to promote the objectives and ensure the observance of
the provisions of this Treaty, the States Parties to the Treaty shall have
the right to verify the activities of other States Parties to the Treaty on the
seabed and the ocean floor and in the subsoil thereof beyond the maximum
contiguous zone, referred to in Article II, if these activities raise doubts
concerning the fulfillment of the obligations assumed under this Treaty,
without interfering with such activities or otherwise infringing rights recog-
nized under international law, including the freedoms of the high seas.
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2. The right of verification recognized by the States Parties in para-
graph 1 of this Article may be exercised by any State Party using its own
means or with the assistance of any other State Party.

3. The States Parties to the Treaty undertake to consult and to coop.
crate with a view to removing doubts concerning the fulfillment of the
obligations assumed under this Treaty.

Article IV

Any State Party to the Treaty may propose amendments to this
Treaty. Amendments must be approved by a majority of the votes of all
the States Parties to the Treaty, including those of all the States Parties
to this Treaty possessing nuclear weapons, and shall enter into force for
each State Party to the Treaty accepting such amendments upon their
acceptance by a majority of the States Parties to the Treaty, including the
States which possess nuclear ions and are Parties to this Treaty. There
after, the amendments shall ter into force for any other Party to the
Treaty after it has accepted sucn amendments.

Article V

Each party to this Treaty shall in exercising its national sovereignty
have the right to withdraw from this Treaty if it decides that extraordinary
events related to the subject matter of this Treaty have jeopardized the
supreme interests of its country. It shall give notice of such withdrawal to
all other Parties to the Treaty and to the United Nations Security Council
three months in advance. Such notice shall include a statement of the
extraordinary events it considers to have jeopardized its supreme interests.

Article VI

1. This Treaty shall be open for signature to all States. Any State
which does not sign the Treaty before its entry into force in accordance
with paragraph 3 of this Article ma, accede to it at any time.

2. This Treaty shall be subject to ratification by signatory States. In-
struments of ratification and of accession shall be deposited with the Govern-
ments of , which are hereby designated the Depositary
Governments,

1 This Treaty shall enter into force after the deposit of instruments
of ratification by twenty-two Governments, including the Governments
designated as Depositary Governments of this Treaty.

4. For States whose instruments of ratification or accession are de-
posited after the entry into force of this Treaty it shall enter into force on
the date of the deposit of their instruments of ratification or accession.

5. The Depositary Governments shall forthwide notify the Govern-
ments of all States signatory and acceding to this Treaty of the date of each
signature, of the date of deposit of each instrument of ratification or of ac-
cession, of the date of the entry into force of this Treaty, and of the receipt
of other notices.
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6. This Treaty shall be registered by the Deposita: y Governments pur-
suant to Article 102 of the Charter of the United Nations.

Article VII

This Treaty, the English, Russian, French, Spanish and Chinese texts
of which are equally authentic, shall be deposited in the archives of the
Depositary Governments. Duly certified copies of this Treaty shall be
transmitted by the Depositary Governments to the Governments of the
States signatory and acceding thereto.

In witness whereof the undersigned, being duly authorized thereto,
have signed this Treaty.

Done in at this day of
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIES
In Progress as of Sept. 1, 1969

Summary by Project and institutional support

Total
activities

Project
support

Institutions
support

Education and training 44 21 23

Ocean engineering
Graduate level 13 6 7
Undergraduate level 3 3 0

Marine sciences
Graduate level 10 3 7

Undergraduate level 1 0 1

Technician training 11 7 4
Social science, law, and other educational ac-

tivities 6 2 4

Research 106 35 71

Living resources
Aquaculture 18 10 8
Fisheries 10 3 7

Drugs and extracts from the sea 5 3 2
Seafood science and technology

New product and process development 5 1 4
Seafood sanitation and preservation 5 5

Management and preservation of the marine
environment

Pollution 7 2 5
Nutrients 5 0 5
Ecology and marine resource development 8 5 3
Environmental science 5 2 3

Mineral resources 4 1 3
Ocean engineering 11 3 8
Marine socio-economics 12 3 9
Marine resource law 6 2 4
Miscellaneous 5 0 5

Advisory services 10 1 9

Total 160 57 103
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.
In Progress as of Sept. 1, 1969ContInued

Activities by Subject and Institution

Institution Title and principal

EDUCATION AND TRAINING

GRADUATE LEVEL

University of Washington ..

Catholic University of
America (P).

National Academy of
Engineering (Depart-
ment of Navy) (P).

Oregon State University....

Texas A &M University

University of Miami

University of Michigan
Scripps Institution of

Oceanography (P).
University of Wisconsin

OCEAN ENGINEERINO

New course: Technological problems in gear and vesse
development (G. Ivor Jones).

Development of graduate program in ocean engineering
(Frank A. Andrews).

Support of Committee on Ocean Engineering of the
National Academy of Sciences (Aubrey W. Pryce).

Ocean engineering curriculum development (Fred J.
Burgess).

Expansion of coastal engineering curriculum ( John B
Herbich).

. Ocean engineering curriculum development (John C.
Steinberg).

. Ocean engineering curriculum development (Ray Yagle),
Applied ocean sciences curriculum (Hugh Bradner).

Massachusetts Institute of
Technology (P).

Stevens Institute of Tech-
nology (P).

University of Hawaii

New York University (P).

UNDERGRADUATE (UPPER
DIVISION)

Florida Atlantic University
(P).

Mississippi State University
(P).

University of New Hamp-
shire (P).

GRADUATE LEVEL

University of Washington...

Oregon State University....

Texas A &M University

Special projects seminar in ocean engineering (Norman
E. Huston).

Development of graduate ocean engineering (Alfred H.
Keil).

New courses in hydrodynamics and ocean engineering
(J. P. Breslin).

Graduate laboratory course and basic facilities for
education and research in ocean engineering (C. L.
Bretschneider).

Development of graduate ocean engineering program
(John R. Ragazzini).

Development of cooperative undergraduate ocean en-
gineering program (Charles Stephan).

Gulf Coast Technical InstituteDevelopment of marine
technology program (J. E. Thomas).

Ocean engineering work experience program (Donald
W. Melvin).

MARINE Screxcit

Aquatic stock management course (Ole A. Mathisen,
Donald E. Bevan).

Curriculum development: Marine minerals (LaVerne
D. Kulm), seafood technology (David L. Crawford),
marine fisheries (Wm. J. McNeil, Wm. G. Pearcy),
marine economics (Emery N. Castle), fish pathology
(Ivan Pratt), oceanography (John V. Byrne).

New courses in seafood technology (Bryant F. Cobb),
new courses in marine biology (Sammy M. Ray).
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution Title end principal

EDUCATION AND TRAININGContinued

Mzattta SctExces--Continued

GRADUATE LEVEL--Continued

University of Miami

University of Michigan
Scripps Institution of

Oceanography (P).
Louisiana State University

(P).
University of California,

Santa Barbara (P).

University of Wisconsin

University of Hawaii

UNDERGRADUATE

University of Washington...

University of Washington...

Oregon State University....

Texas A &M University

College of Marin (P)

University of Miami

Santa Barbara City
College (P).

Cape Fear Technical
Institute (P).

Southern Maine Voca-
tional Technical Insti-
tute (P).
See

2
footnote at end of table.

94

Curriculum improvement: marine biology (John S.
Bunt), physical and chemical oceanography (Walter
Drost Hansen), marine geology (Cesare Emiliani).

Resources systems ecology.
Curricula in marine biology and biological oceanog-

raphy (John S. Isaacs, E. L. Winterer).
Marine science curriculum (J. R. Van Lopik).

New courses: Cultural geography of the sea and re
source ecology of the marine environment (Beryl
Golomb, Norman Sandtrs).

Hydrobiology (John J. Magnuson), Recent advances in
limnology and oceanography (A. M. Becton and
Clifford Mortimer), studies of marine fisheri (C. R.
Nordon), problems in oceanography (Robert
Ragotzkie), new faculty and teaching aids, guest
lecture series in oceanography, "berth of opportunity"
program, visiting professorship in marine sciences.

Marine biology and oceanography curriculum develop-
ment (G. Murphy, V. E. Brock).

Orientation course in oceanography (Dixy Lee Ray),
evaluation and improvement of marine science educa-
tion (Alyn C. Duxbury).

TECHNICIAN TRIUNING 1

Shoreline Community CollegeOceanography and
marine biology (John C. Serwoid); Peninsula College
marine biology, fisheries and hatchery operations
(Robert Mausolf), Highline CollegeDivers (D. Duane
Chapman), Clover Park CollegeCommercial fisheries
(Gordon L. Quick).

Clatsop Community CollegeMarine technology and
deck hands (Capt. J. S. Elsbree).

Galveston Community CollegeFisheries, deck, ocean-
ographic instrumentation (Henry A. Rowe), James
Connally Technical InstituteOceanographic in-
strumentation (Roy W. Dugger).

Marine technologyEmphasis on physical sciences and
electronics (Gordon L. Chan).

Miami-Dade Junior CollegeEngineering, survey and
electronics technology (Richard Benson).

Marine technician programOceanographic aids and
divers (Robert J. Profant, H. Raney Parks).

Options in all major technician fields (Arthur W. Jordan).

Options in all major technician fields (Tapan Banerjee).



APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution Title and principal

EDUCATION AND TRAINING Continued

TECHNICIAN TRAININOIContinued

Del Mar College (P)

Smithsonian Institution
(P).

Washington Technical
Institute (P).

SOCIAL SCIENC

Planning and initiation of marine electronics technician
program (jointly with Southwest Research Institute)
(Ted Boaz).

Biological and geological specimen handling and sorting
(H. Adair Fehlrnann, I. Wallen).

Planning for marine science technology program (Cleve-
land Dennard).

E, LAW, AND OTHER EDUCATIONAL. ACTIVITIES

Texas A &M University

Dade County Board of
Public Instruction (P).

University of Miami
University of Rhode island
Louisiana State University

(P).
University of Washington

Development of new marine courses and interdiscipli-
nary degree programs (John Calhoun, Jr.).

Summer program to place inner city high school youths
in oceanographic laboratories (Harriet Ehrhard).

Ocean law (Dennis O'Connor).
Marine affairs graduate program (Lewis Alexander).
Interdisciplinary seminar in ocean law (Gary Knight).

Fish processing technology (Ivor Jone.i), marine food
processing methods (Ivor Jones, John Liston, and
George Pigott).

RESEARCH

LIVING RESOURCES
AQUACULTURE

University of Washington . . . Management and improvement of oysters, clams, rainbow
trout, and sea-run cutthroat trout (Frieda B. Taub,
Kenneth Chew, Lynwood Smith, Ernest 0. Salo,
James Sadd Lee).

Culture in artificial environments; culture in improved
natural environments; selective breeding of salmon
and bivalve); (William J. McNeil).

Fisheries under controlled conditions (B. Diamantis,
A. Sastry), fisheries population dynamics of lobster,
butterfish, and striped bass (H. Lampe).

Studies on the pathogenic parasites of commercial
molluscs (J. G. Mackin), cell cultures, viruses, and,
pathogenic bacteria of marine species (L. C. Grumbles,
A. I. Flowers), aquaculture of white and brown shrimp,
blue crab, striped mullet, pompano (Kirk Strawn),
application of bioengineering: growth characteristics
of marine microorganisms (Daniel T. Hansen).

Sewage fertilization of fish ponds for rearing salmon and
trout (George H. Allen), utilization of fish wastes in
rearing crabs and fishes in salt and brackish water
(John W. DeWitt).

University of Miami Aquaculture of pink shrimp and spiny lobster (Durbin
C. Tabb).

Oregon State University....

University of Rhode Island..

Texas A &M University

Humboldt State College
(P).

See footnote at end of table.
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVI

Institution Title and principal

RESEARCHContinued

LIVING RESOURCESCo n ti n ued

AQUACULIIIRS Continued

Louisiana State University
(1').

University of California,
Santa Barbara (P).

California Institute of
Technology (P).

University of Miami (P)...
University of New

Hampshire (P).
Nicbolh State College (P).

San Diego State College
(P).

Virginia Institute of Marine
Science (P).

University of Delaware (P).

University of Hawaii

University of Washington..

University of Michigan

FISHISUE1

University of Washington...

Oregon State University....

Humboldt State College
(P).

.asibility of growing pompano and redfish under con-
trolled conditions (J. W. Avault), biodegradation
activities and nutritional aspects of marine yeasts
(S. P. Meyer).

Laboratory rearing and maintenance studies on the
behavior of larvae, young, and adults of California
spiny lobster Panulines inierrstfrilu (James F. Case,
James J. Childress), Seaweed resources management
(cultivation) (Michael Neushul, Alex C. Charters).

Kelp resources development (Wheeler J. North).

Pink shrimp and pompano culture in ponds (C. P. Idyll).
Irish moss (red alga) resource development (Arthur C.

Mathieson).
Brown and white shrimp culture in impoundments (Alva

Harris, Curt Rose).
Population biology of spiny lobsters (David Farris).

Larval rearing, food, aed disease (John DuPuy).

Development of shellfish culture techniques (Donald
Maurer), selective oyster breeding experiments (Theo-
dore Ritchie), engineering of an environmental control
system for cultivating oysters (Oscar R. Harmon).

Spawning and rearing of selected marine fishes and
molluscs (Philip Helfrich).

Maintenance of algal culture collections (Joyce Lewin,
Richard Norris).

Production and trace element composition of benthic
algae (C. F.. Schelske), Great Lakes benthk algae
communities (Eugene F. Stoermer).

Total utilisation concept for fish catches (0. M. Pigott,
J. Liston), strategy (techniques) of salmon fisheries
regulation (Robert I.. liurgner).

Early life of boreal food fish and shellfish (William
Pearcy, William McNeil), benthk fisheries environ-
nent off Oregon (Andrew 0. Carey), pelagic fisheries
environment off Oregon (William G. Pearcy), repro-
ductive cycles of soft shell clams and cockles (Jefferson
Oconee), population and community maintenance
(Joel Hedgpeth), symbiosis and parasitism of molluscs
and fish (Ivan Pratt).

Seasonal changes in biochemical composition of dungeness
crab (William V. Allen), ecology of the gaper clam in
northern California (John D. DeMartini).



APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution 'ruts and principal

RESEARCHContinued

Lyme" RESOURCES Continued.

FISHERIESContinued

University of Miami

University of Michigan
Louisiana State University

(P).
University of Wisconsin

University of Hawaii

Virginia Institute of Marine
Science (P).

University of Rhode Island..

DAVOS AND tXTRACTs
FROS4 THE SEA

Universit;. of Rhode Island..

University of Miami

New England Institute (F
Lamont-Doherty Geological

Observatory (P).
Clemson University (P)....

Commercial fisheries projects (acoustic behavior of fish;
thread herring study; spiny lobster behavior; shark
behavior) (Martin Roessler).

Biological productivity of Great Lakes.
Ecology of brackish water clam Ranee rmata for possible

commercial use (H. D. Horse).
Role of Cyclops bictupidatia in the trophic ecology of Lake

Michigan (Alfred hi. Becton), migration and orienta-
tion of fish (Arthur D. Hasler), effects of coho salmon
on food habits; vertical distribution of yellow perch and
ciao (John J. Magnuson).

Precious coral fishery; rnesobenthic and crustacean re-
sources; reduction of bait fish mortality; fishing gear
development (O. 1. Murphy, V. E. Brock, W. Baldin).

Improvement of estuarine fisheries, management of hard
clams, soft crab, bay scallop, finfish stock improvement
(Willard Van Engel).

Gear research for pelagic fisheries (trawls, etc.) (S. Saila).

Pharmacognory (useful extracts of algae) (H. Youngken,
L. Worthen), pharmacology (evaluation of toxic
responses and testing of extracts) (J. de Fto, D.
deFanti).

Enzymes and pharmaceuticals (W. J. Whelan, W. B.
Diechmann).

Biomedical materials derived from the sea (host response
depressant) (James H. Green).

Drugs from the sea (antibiotics, anticancer agents)
Guardial M. Sharma).

Investigation of the effects of seaweed on plant growth
(T. L. Senn).

StA FOOD SCEIFICt AND Tacustotoor

taw ratoover AND
'amass otvitorsarcr

Oregon State University.... New specks and product development (David L. Craw-
ford), utilization of fish wastes and nutrition studies
(David L. Crasvford), new equipment and process
development (David L. Crawford).

University of Rhode Island.. Utilization of Industrial fish products by poultry (L. E.
Ousterhout), process development for industrial
products (T. L. Meade).

University of Visconsin Fermentation of fish (T. Richardson, C. If. Amundson),
fish extracu for industrial and human use (T. Richard-
son, C. H. Amundson).
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution This mid principal

RESEARCHContinued

SEAFOOD SCIENCE AND TECHNOLOGYContinued

NEW PRODUCT AND PROCESS

DEVELOPMENT -- Continued

LamontDoherty Geological
Observatory (P).

University of Hawaii

seArCk..1) SANITATION AND

PRESERVATION

Oregon State University

University of Rhode Island

Texas A &NI University

University of Miami

University of Wisconsin

Marine protein resources (krill, fermentation of trash
fish, isolation of soluble fish protein) (Oswald Roe's,
Arthur Chu).

Product and process development for utilization of
Hawaiian fishes (E. Ross).

Quality improvement and sanitation (David L. Craw.
ford).

Preservation and evaluation of marine food, (H. A.
Dyrraza, S. M. Constatinides), biochemical changes
in fah during storage and processing (IL A. Dymsza),
determination of histidine compounds in fishery
products (L. E. Ousterhout).

Post mortem characteristics and biochemical properties
affecting the organoleptic quality of fah muscle
(Bryant F. Cobb, Zerle L. Carpenter), rote of micro-
°qualms in the quality deterioration of seafood.
(Bryant F. Cobb, Carl Vanderzant).

Pathology and virology (iymphocystic disease of fish;
age change in snapper muscle viral contamination)
(M. M. Siegel).

Bacteria in Great Lakes fishes; pollution, qestinal, and
disease bacteria (E. McCoy).

MANAOTHIENT AND PRESERVATION Or THE MAIM'S ENVIRONIMNT

POLLUTION

University of Rhode Island.
Texas A at M University

. Waste disposal and pollution control (H. Lampe).
Bottom sludge accumulation and oxygen demand in a

polluted estuary (Roy W. Hann), biological response
to organic chemicals in estuaries (William B. Davis).

Chemical determination of source pollutant tars, Santa
Barbara Coast, California (Paul 0. Miko/a)), micro-
wave radiometric measurements of oil slicks and sea
temperature (Norman K. Sanders), effects and implica
lions of petroleum pollutants on resources of the Santa
Barbara Channel, phase tinformation (Paul 0.
M &olaj).

Pathological study of the effects of pesticides on Great
Lakes fishes analysis and planning (William E. Ribelin),
eutrophication of Green Bay (A. M. Bettors), pesticide
level in birds wintering on Lake Michigan (R. S.
Ellarson).

Detecting and relieving pollution effects (Oswald Rods,
Pinesh 0. Shah).

Processes of growth and destruction of coral reefs (K. E.
Chart).

University of California,
Santa Barbara (P).

University of Wisconsin

Lamont-Doherty Geological
Observatory (P).

University of Hawaii
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIES Con.

Institution Title and principal

RESEARCHContinued

MANAGEMENT AND PRESERVATION OP THE MARINE ENVIRONENTCODdflUed

POLLUTIONContinued

University of Michigan Anaerobic digestion and the phosphate problem (J. A.
Borchardt), health aspects of Great Lakes waters as
related to water supply and recreational uses (John
J. Gannon, Edward Armbruster), pollution effects of
two-stroke gasoline engine exhaust emission (Walter
W. Weber), remote sensing techniques for water
pollution detection (C. T. Wezernak), spectroscopic
investigations of Great Lakes sediments (Harry B.
Mark, Jr.), the biochemistry of the sheath of Sparratilia
natara (I. A. Berstein), feasibility study of modeling
certain water quality aspects of the Great Lakes
(John M. Armstrong), effect of pollution control
regulations on watercraft design and operation (John
B. Woodward).

NUTRMIITS

University of Washington

University of Rhode
Island.

Texas A et M University
University of Wisconsin

UnivertAy of Michigan

tOOLCOY AND MARIN&
11.110ellel DIMPLOPIONT

University of Rhode Island

University of Michigan

University of California,
Santa Barbara (P).

University of North
Carolina (P).

University of Alaska (P).. .
University of Delaware (P).

Louisiana State University
(1').

Oregon State University....

Study of net zooplankton and micronekton (T. S.
England), organic budgets of Puget Sound (K. Banse).

Organic geochemistry of shallow and productive benthic
environments (funded below) U. Quinn).

Water and sediment analysis (Frank Chmetik).
Limnological studies of Green Bay (sulfur cycle: phyto-

plankton) (P. Sager, J. Wienma), chemistry of
phosphate in lower Green Bay (C. F. Lee), chemistry
of TEM in Great Lakes waters (C. F. Lee).

Trace metal fractionation in Lake Michigan (Edward
Callendar).

Ecology and economic evaluation of tidal marshes
(Nelson Marshall).

Control theory modeling of aquatic economics systems
(Douglas Woodring), the environmental chemical
dynamics of sulfur in the Great Lakes (K. H. Mancy),
seasonal dynamics of pesticides in western Lake Erie
(Rolf Hartung).

Fishes of the Santa Barbara Kelp Forest (Alfred W.
Ebeling), population dynamics cf intertidal organisms
(Joseph H. Connell).

Optimum estuarine ecological systems (Howard T.
Odum).

Alaskan marine resources studies (Donald W. Hood).
Influence of climatic water balance on conditions In the

estuarine environment (John S. Mather).
Survey of Barataria Bay for aquaculture development

(H. C. Loesch).
Simulation research in marine productivity (Herbert C.

Curl).
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APPENDIX (NATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution Title and principal

RESEARCHContinued

MarraorstENT ANIS PRESERVATION OF THE MARINE ENVIRONMENT Continued

ENVIRONSIENTAL scrams

University of Miami

Scripps Institution of
Oceanography (P).

University of California,
Santa Barbara (P).

University of Wisconsin

University of Hawaii

Comprehensive study of selected Florida coastal systems
(Claes Rooth).

Air-sea interactions (Carl Gibson, Charles van Atta).

Seisnxicity and earthquakes hazards of the Santa Barbara
Channel (Arthur G. Sylvester, Jan D. Rietman).

Circulation studies in large basins (C. H. Mortimer, N.
Heaps), circulation studies of Lake Michigan (G. T.
Csanady), airborne infrared radiometry (R. A.
Ragotzkie), temperature distributions and induced
circulation in lakes (John A. Hoopes).

. Forecasting thermal structure of ocean (C. L. Bret.
schneider), environmental surveillance and prediction
(C. Ramage).

Texiu A &hi University

University of Rochester
(P).

University of Wisconsin

University of Hawaii

University of 1Vashing ton

Oregon State University....

University of Rhode Island..

University of Maryland (P).

Mertstat. RESOURCES

Marine geochemical analysis (for natural gas and
petroleum) (William M. Sackett).

Potential fine aggregate sources in Lakes Erie and
Ontario (Donald L. Woodrow).

Bathymetric and high resolution shallow subbottom
studies, Green Bay (R. P. Meyer), sea floor sedirnenu
and depositional processes of economic interest
(J. Robert Moore), deep seismic profiling studies of
Green Bay (Richard J. Wald).

Survey and inventory of sand and deep sea mineral
deposiu (Mn nodules, phosphorites, diatomaceous
ooze, Red Clay, etc) (0. Sutton, C. L. Bretschneider,
Robert Moberly, J. Andrews).
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Dynamic prediction model of Post Susan (Maurice Rat.
tray, Jr.), system analysis (environmental monitoring
systems) (S. R. Murphy), thick design rematch
(B. lint:, H. C. Merchant), marine vessel testing
(H. C. Merchant, W. Rogers), marine acoustic program
(Stanley Murphy), feasibility studio in various supecu
of ocean engineering (H. C. Merchant).

Applied hydrodynamics (L. S. Slotta), instrumentation
underwater acoustic imaging (L. C. Jensen), in.
duatrial engineering crab and shrimp system standards
(William Engesser).

Ocean engineering program (towed instrument and
vehicles; Instruction paneltextbook; related instru-
ment devtlopment---buoys, ocean wave probes, etc.)
(F. Middleton).

Hut transfer system for deep rubmenibles (S. T. ifiu).



APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution Title and principal

RESEARCHContinued

Ocearr EriortaamoContinued

Texas A&M University Measuring drag forces produced by wave action on piles
(Robert M. Sorenson), reduction of pump cavitation
in dredging (John B. Herbich), analytical solution for
the dynamic response of the laterally loaded pile
(Thomas C. Edwards, Harry hi Coyle), scour of
gulf coast sand beaches due to wave action in front of
sea walls and dune barriers (R. W. Schiller, Jr.),
nuclear activation analysis of deep sea core samples
(R. E. 1Vainerdi), acoustic communications (Stephen
Flier), shear strength determination of marine sedi-
menu (William R. Bryant).

Stevens Institute of Forces and motions induced by waves on floating moored
Technology (1'). ocean platforms and supplementary studies on wave

phenomena of importance to platform design (John P.
Breslin).

Univenity of Miami Materials in the sea: corrosion, biodeterioration, fouling,
borer control, physical and electrical properties of
organic materials, turbulent velocity and marine
propulsion (Kenneth G. Compton).

University of Michigan Underwater operations program (Jack L. Hough),
study of the mechanics of circulating currenu in Lake
Michigan (J. C. Ayers, F. C. Poecyn), very large
intra.lake bulk carrier feasibility study (R. A. Yagle).

University of Wisconsin Development of a vibratory coring device (R. J. Harker),
gravity waves and their dynamic interaction (Peter L.
Monkemeyer, T. Green, W. Saul), dynamics of under.
water structure systems and structure members (T. C.
Iluane), engineering characteristics of Green Bay
bottom characteristics (0. L. Roderkk), corrosion
studies of construction materials In reducing sedi
menu (John N. Ong, Jr., R. G. Gilliland), underwater
body dynamics (Ali A. Seirig), investigation of and
extractive methods for Green Bay minerals (R. W.
Heins, T. T. Tiemann).

University of Delaware Systems engineering of mollusc production and ocean
(F). engineering curriculum development (Wm. S.

Gaither), physical stimuli and energy requirements
for separating valves of oysters (Thomas If. Williams).

University of Hawaii Development of 200 meter depth simulator; engineering
service for mineral survey (C. L Breuchneider).

MAIMS SOC104,0011010C s

University of Washington Socio- economic and legal considerations for managing
Puget Sound (J. A. Crutchfield).

Oregon State University Demands, prices, and marketing; economics of coastal
areas; public policy in the seafood Industry (E. N.
Castle).
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APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Iaatltutlon Title and principal

M

University of Michigan .

University of Rhode Island

Texas A &hi University

University of Miami

RESEARCHContinued

SOCIO-ECONounesContinued

.. Economic and institutional interdependencies in choosing
water management strategies (the Huron River
basin) (Ralph A, Luken), computer simulation of
institutional interaction U. W. Bulklcy), shoreline land
use development of the Great Lakes (K. J. Polakowski).

Simulation of dynamic properties of interacting com-
mercial fisheries; economic impact of conflicting
marine resources use; bio-economic model for lobster
fishery exploitation schemes; distribution network for
fishery products (N. Rorholm).

Economic study of shrimp industry (R. Thompson),
assessment and projection of marine oriented economic
activities in the development of Texas Gulf coast
(J. R. Bradley, E. V. Bowden, R. G. Thompson).

Socio-economic studies on seafood and sport fishing re-
sources (R. J. Heruley).

Resource economics (M. B. Schaefer).Scripps Institution of
Oceanography (P).

Louisiana State University
(P).

University of California
Santa Barbara (P).

University of Wisconsin

University of Hawaii

University of Washington ...
Oregon State University ....

University of Rhode Island..
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Economic impact of marine and coastal resources on
Louisiana economy (R. I.. Burford).

Economic evaluation of ocean mineral resource develop-
ment and related public policy issues (W. J. Mead,
P. E. Sorensen).

Overseas shipping at Great Lakes ports and projections for
future (E. Schneker), application of a conceptual
systems model to determine the economic impact of
Lake Michigan on the recreation industry In Door
County, Wis. (W. A. Strang), advanced studies center
V. Steinhart), Green Bay research program (V. L.
Arnold), evaluation of uses of land created by disposal
of dredging spoils in Great Lakes basins and coastal
seaboard areas (H. C. Brockel), design of general
decision making model for public decisionmaking
relative to the estuaries of the United States (W. B.
Lord).

Economic analysis of the fisheries industry (J. Davidson,
C. Gopalakrishnan, S. Comitini), economks of
alternative we of marine resources U. Davidson,
J. Keeler, C. Gopalakrishnan), economic feasibility
study of marine resources U. Davidson, H. Yarnauchl

hfaabra Ras cruact Law

Planning of ocean resource law program (W. I. Burke).
Ocean resources law periodical teaching and research In

ocean resources law (J. L. Jacobson, C. D. Clark).
Law of the Sea Institute (L. Alexander, D. Wilkes).



APPENDIX ENATIONAL SEA GRANT PROGRAM ACTIVITIESCon.

Institution Title and principal

RESEARCHContinued

MARINE RESOURCE LAWContinued

Coastal region law (Dennis O'Connor).
Compilation and systematization of Louisiana laws

affecting Estuaries and marshes (H. G. Knight).
Maine marine resources law (D. J. Halperin).

University of Miami
Louisiana State University

(P).
University of Maine (P).

University of Washington...

University of Michigan

University of Wisconsin
Texas A &NI University

University of Hawaii

MISCELLANEOUS

Catalog of oceanographic data of Puget Sound (C. A.
Barnes, A. C. Duxbury, T. S. English, G. C. Anderson),
utilization of marine plant polymers (G. G. Allan,
K. V. Sarkanan).

Development of new applications (J. McFadden),
resource management systems studies (J. McFadden).

New research projects and applications (R. Ragotzkie).
Development of new marine resource projects U.

Calhoun).
Div ing physiology (T. A. Rogers).

University of Washington...

Oregon State University...

University of Rhode Island.

ADVISORY SERVICES

Continuing education for technologists (J. Liston),
fishing industry conference (R. Van Cleve), public
information exhibits and programs (Dixy Lee Ray),
advisory services within the division of marine resources
(S. R. Murphy).

General advisory services, including centralized informa-
tion center, public education, publications and
intensive extension service (IV. Q. Wick).

NENIRIP (information center, extension and services,
industrial development) fisheries extension (W. Gray,
I. Sainsbury).

Extension and advisory services; marine resources
information center (J. E. Hutchinson, E. B. Smith).

1dvisory services: Gulf and Caribbean fisheries (C. P.
Idyll), educational bulletins (3. Michel), decision
seminars (D. O'Connor), economic services (W
Suojanen).

University extension, universityindustry research (0. D.
Hedden).

University of Delaware Technical training and extension services (S. Gwinn).
University r( Hawaii. Advisory services.
University x Michigan . Advisory services (3. McFadden).
Scripps Institution of Ocean- Advisory services.

ography (P).

Texas A &M University

University of Miami

University of Wisconsin

I Most seamless's training programs Maude curriculum de vriopta to I. warm im pray talent eetnitbttoO,
rarer; recruitment and equipment purchase.

I All Pea Granters condor' Id 'Wel Wee kit activity consistent with the type of rant. Minimum Perak.
is publicetion of moults. Laited are major wirelike under directors responsible lot specifically funded
advisory *maim procreate.
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APPENDIX FHYPERBARIC FACILITIES IN THE UNITED STATES

NORTHWEST

Fairchild Air Force Base Spokane, Wash.
U.S. Navy Torpedo Station Keyport, Wash.
Tug Salvage Chief Astoria, Oreg.
Rocket Lester Co Seattle, Wash.
Brownlee Dam Brownlee, Oreg.
Mc Nary Dam Umatilla, Oreg.

SOUTH

U S. Air Force School of Aerospace Medicine, Brooks
Air Force Base_

NASA Manned Spacecraft Center
Dee? Sea Diver, Inc
Balky Marine Diving Service
Ocean Systems
Divcon, Inc
Deep Sea Divers, Inc
Sanford Marine Services
World Wide Divers
Hydrotech Service Inc
Global Divers & Contractors, Inc
Taylor Diving & Salvage Co , Inc
Dr. Linwood Hugh Carter
Dick Evans Profeuional Divers
Pelican Marine Diving Service
Deep Sea Divers, Inc
Marine Diving Service,

& I Marine
U.S.S. Cabrillo (AGSS-288).
Hydrotech Services, Inc

EAST

San Antonio, Tex.
Houston, Tex.
Belle Chasse, La.
Patterson, La.
Morgan City, La.
Morgan City, La.
Grand Isle, La.
Bewick, La.
Bayon Vista, La.
Harahan, La.
Westwtgo, La.
New Orleans, La.
New Orleans, La.
Harvey, La.
Harvey, La.
Belle Chasse, La.
Corpus Christi, Tex.
Pasadena, Tex.
Brady Island, Houston, Tex.
Freeport, Tex.

Mount Sinai Hospital New York, N.Y.
Veterans' Administration Hospital Buffalo, N.Y.
State University of New York Buffalo, N.Y.
Millard Filmore Hospital Buffalo, N.Y.
University of Pennsylvania Philadelphia, Pa.
University of Maryland Baltimore, Md.
U.S. Navy Medical Research Institute Bethesda, Md.
EOD Technical Center Indian Head, Md.
U.S. Navy Deep Sea Diving School Washington, D.C.
U.S. Army Transportation School Fort Eustis, Va.
Comm Sublant Norfolk, Va.
Duke University Medical Center Durham, N.C.
Charleston Naval Shipyard Charleston, S.C.
U.S.S. Kittprake (ASR-19) Norfolk, VA.
U.S. Navy Underwater Demolition Team 21 Little Creek, Va.
U.S. Naval Station Solomon§ Island, Md.
Comm-tom Eight Norfolk, Va.
U.S.S. Orios (AS-18) Norfolk, Va.
Physiology Training Unit ..... Beaufort, S.C.
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APPENDIX FHYPERBARIC FACILITIES IN THE
UNITED STATESContinued

SOUTHWEST

Pacific Grove Fire Department Pacific Grove, Calif.
Coastal Diving School Oakland, Calif.
Bay Area Rapid Transit San Francisco, Calif.
U.S.S. Gear (ARS-34) San Pedro, Calif.
Naval Ordnance Test Station San Clemente Island, Calif.
Second Class Diver School, U.S. Naval Station San Diego, Calif.
Long Beach Naval Shipyard Long Beach, Calif.
International Divers Goleta, Calif.
U.S. Navy Amphibious Base, Coronado San Diego, Calif.
California Divers Santa Barbara, Calif.
General Offshore Divers, Inc Santa Barbara, Calif.
Point Mush Navy Air Station Santa Barbara, Calif.
Navas Shipyard, Hunter's Point San Francisco, Calif.
Presbyterian Medical Center San Francisco, Calif.
Castle Air Force Base Merced, Calif.
Hospital of the Good Samaritan Los Angeles, Calif.

MIDWEST

Minneapolis Medical Research Foundation Minneapolis, Minn.
St. Luke's Hospital Milwaukee, Wis.
PresbyterianSt. Luke's Hospital_ Chicago, Ill.
St. James Hospital Chicago, Ill.
Lutheran General Hospital Park Ridge, Ill.
WrightPatterson AFB, Ohio Dayton, Ohio
Maumee Valley Hospital Toledo, Ohio.
Milwaukee County General Hospital Milwaukee, Wis.
Hennepin County General Hospital Minneapolis, Minn.
U.S.S. Cod Cleveland, Ohio.

SOUTH EAST

Navy Mine Defense Laboratory Panama City, Fla.
Naval Ordinance Lab Test Facility Fort Lauderdale, Fla.
Fort Lauderdale Fort Lauderdale, Fla.
Underwater Swimmers School Key West, Fla.

NORTH EAST

Portsmouth Naval Shipyard Kittery, Maine.
Harvard University Cambridge, Mass.
Boston Children's Hospital Boston, Mast
Boston Naval Shipyard Boston, Mau.
Otis Air Force Rue Falmouth, Mass.
Naval Ordinance Test Station Newport, R.I.
Submarine Base Vew I ondon, Conn.
St. Barnabas Medical Center Newark, N.J.

CANADA

Vancouver General Hospital Vancouver, British Columbia,
Canada.

Toronto General Hospital Toronto, Ontario, Canada.
Royal Victoria Hospital Montreal, Quebec, Canada.
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APPENDIX FHYPERBARIC FACILITIES IN THE
UNITED STATES Continued

WESTERN PACIFIC

Yokosuka, JapanUnited States Navy Ship Repair
Facility

B.C.C. British Naval Station, HMS Tamar
U.S. Navy Ship Repair Facility (Divers School)
Pacific Missile Range Facility
U.S. Navy fleet activities
Explosive Ordinance Disposal Unit I

NAVY ATLANTIC FLEET

Yokosuka, Japan.
Hong Kong.
Subic Bay, Philippine Islands.
Kwajalein Island.
Sasebo, Japan.
Pearl Harbor, Hawaii.

SERVICE FORCE SHIPS

U.S.S. Escape (ARS-6) _ San Juan, P.R.
U.S.S. Preserver (ARS-8) , Norfolk, Va.
U.S.S. Hoist (ARS-40) Norfolk, Va,
U.S.S. Opportune (ARS -41) Norfolk, Va.
U.S.S. Recovery (ARS-43) Norfolk, Va.

NAVY SUBMARINE FORCE ATLANTIC FLEET SHIPS

U.S.S. Sunbird (ARS -15) New London, Conn.
U.S.S. Tringa (ARS-I6) New London, Conn.
U.S.S. Skylark (ARS -16) New London, Conn.
U.S.S. Kittiwake (ARS-13) Norfolk, Va,
U.S.S. Petrel (ARS-14)- Charleston, S.C.
U.S.S. Penguin (ARS -12) Key West, Fla.
U.S.S. Fulton (AS -I1) New London, Conn.
U.S.S. Orion (AR-18) Norfolk, Va.
U.S.S. H.W. Gilmore (AS -16) Charleston, S.C.
U.S.S. Hun fey (AS-31) Charleston, S.C.
U.S.S. Holland (AS-32) Charleston, S.C.
U.S.S. Simon Lake (AS-33) Charleston, S.C.
U.S.S. Canopus (AS-34) Charleston, S.C.
U.S.S. Bushnell (AS-1S) Key West, Fla.
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APPENDIX HBREADTH OF TERRITORIAL SEAS AND FISHING
JURISDICTIONS CLAIMED BY SELECTED COUNTRIES

Country Territorial sea Fishing Unlit Other

Albania 10 miles.... 12 miles....
Algeria 12 miles.... 12 miles....
Argentina 200 miles... Sovereignty is claimed over a

200-mile maritime zone but
the law speci2cally provides
that freedom of navigation
of ships and aircraft in the
zone is unaffected. Conti-
nental Shelfincluding
sovereignty over suoeriacent
waters.

Australia 3 miles 12 miles....
Belgium 3 miles 12 miles I...
Brazil 12 miles.... 12 miles....
Bulgaria 12 miles.... 12 miles....
Burma 12 miles.... 12 miles....
Cambodia 12 mules.... 12 miles. ...
Cameroun 18 miles.... 18 miles....
Canada 3 miles 12 miles....
Ceylon 6 miles 6 miles Claims right to establish con-

servation zones within 100
nautical miles of the ter-
ritorial sea.

Chile 3 miles 200 miles...
China 3 miles 3 miles
Colombia 12 miles. ... 12 miles....
Congo (Brazzaville)
Congo (Kinshasa) 3 miles 3 miles
Costa Rica 3 miles "Specialized competence"

over living resources to 200
miles.

Cuba 3 miles 3 miles
Cyprus 12 miles.... 12 miles....
Dahomey 12 miles.... 12 miles.... 100-mile mineral exploration

limit.
Denmark 3 miles 12 milesl..,

Greenland 12 miles...
Faroe Islands 12 miles....

Dominican Republic 6 miles 12 miles.... Contiguous zone 6 miles be-
yond territorial sea for
protection of health, fiscal,
customs matters, and the
conservation of fisheries and
other natural resources of
the sea.

Ecuador 200 miles... 200 miles...
El Salvador 200 miles... 200 miles...

See footnote at end of table.
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APPENDIX HBREADTH OF TERRITORIAL SEAS AND FISHING
JURISDICTIONS CLAIMED BY SELECTED COUNTRIESContinued

Country Territorial sea Fishing limit Other

Ethiopia 12 miles.... 12 miles....
Federal Republic of 3 miles 12 miles I...

Germany..
Finland 4 miles 4 miles
France 3 miles 12 miles....
Gabon 12 12 miles....
Gambia 3 miles 3 miles
Ghana 12 miles.... 12 miles.... Undefined protective areas

may be proclaimed seaward
of territorial sea, and up to
100 miles seaward of terri-
torial sea may be proclaimed
fishing conservation zone.

Greece.. 6 miles 6 mil
Guatemala 12 miles. . ..

es
12 miles....

Guinea 130 miles... 130 miles...
Guyana 3 miles
Haiti 6 miles

3 miles
6 miles

Honduras 12 miles.... 12 miles....
Iceland 4 miles 12 miles....
India 12 miles.... 12 miles.... Plus right to establish 100

miles conservation zone.
Indonesia 12 miles.... 12 miles.... Archipelago concept baselines.
Iran 12 miles.... 12 miles....
Iraq 12 miles.... 12 miles....
Ireland 3 miles 12 miles I...
Israel 6 miles .... 6 miles ....
Italy 6 miles
Ivory Coast 6 miles

12 miles 1...
12 miles....

Jamaica 12 miles
Japan 3 miles
Jordan

3 mil
3 miles

es
3 miles

Kenya 12 miles.... 12 miles....
Korea 3 miles 2l, to 200 Continental Shelf including

miles. sovereignty over superjacent
waters.

Kuwait 12 miles. ... 12 wiles....
Lebanon 6 miles
Liberia 12 miles.... 12 Gilles....
Libya 12 miles.... 12 miles....
Malagasy Republic 12 miles.... 12 miles....
Malaysia 12 miles.... 12 miles...:
Maldive Islands 3 miles 6 miles
Malta 3 miles 3 miles
Mauritania 12 miles.... 12 miles. ...
Mauritius 3 miles 3 miles
Mexico 12 miles.... 12 miles....
Morocco 3 miles 12 Exception-6-mile fishing

zone for Strait of Gibraltar.
Netherlands 3 miles 12 miles I...
New Zealand 3 miles 12 miles....
Nicaragua 3 miles 200 miles... Continental Shelf including

sovereignty over superjacent
waters.

See footnote at earl of table.
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APPENDIX HBREADTH OF TERRITORIAL SEAS AND FISHING
JURISDICTIONS CLAIMED BY SELECTED COUNTRIESCantInued

Country Territorial sea Fishing limit Other

Nigeria 12 miles.... 12 miles....
Norway 4 miles i2 miles....
Pakistan 12 miles.... 12 miles.... Plus right to establish 100 -

mile conservation zones.
Panama 200 mile,... 200 miles... Continental Shelf including

sovereignty over superjacent
waters.

Peru 200 miles... 200 miles...
Philippines. Archipela.so concept base-

lines. Waters between these
baselines and the limits
described in the Treaty of
Paris, Dec. 10, 1898, the
United States-Spain Treaty
of Nov. 7, 1900, and
United States-United
Kingdom Treaty of fan. 2,
1930, are claimed as terri-

torial sea.
Poland 3 miles 3 miles
Portugal No claims.. 12 miles I...
Romania 12 miles.... 12 miles....
Saudia Arabia 12 miles.... 12 miles....
Senegal 12 miles.... 18 miles.... Fishing zone beyond 12 miles

Sierra Leone 12 miles.... 12 miles.
Singapore 3 miles 3 miles
Somali Republic 12 miles.. . . 12 miles....
South Africa 6 miles 12 miles....
Spain 6 miles 12 miles t...
Sudan 12 miles.... 12 miles....
Sweden 4 miles 12 milest...
Syria 12 miles.... 12 miles.... Contiguous zonean addi-

tional 6-mile area to control
security, customs, hygiene,
and financial matters.

does not apply to those
nations which are party to
the 1958 Geneva Conven-
tion on the Territorial Sea
and the Contiguous Zone.

Tanzania 12 miles.... 12 miles....
Thailand 12 miles.... 12 miles....
Togo 12 miles.... 12 miles....
Trinidad and Tobago 3 miles 3 miles
Tunisia 6 miles 12 miles.... Fisheries zone follows the 50-

meter isobatlt at specified
areas of the coast (maxi-
mum 65 miles).

Turkey 6 miles 12 miles....
Ukrainian S.S.R 12 miles.... 12 miles... .
U.S.S.R 12 miles.... 12 miles....
United Arab Republic 12 miles.... 12 miles....
United Kingdom 3 miles 12 miles....

Overseas areas 3 miles 3 miles
United States of America. 3 miles 12 miles....

See footnote at end of table.

283



APPENDIX HBREADTH OF TERRITORIAL SEAS AND FISHING
JURISDICTIONS CLAIMED BY SELECTED COUNTRIESContinued

Country Territorial sea Fishing limit Other

Uruguay 12 miles.... 200 riles... Sovereignty is claimed over a
200-mile maritime zone but
law specifically provides
that the freedom of naviga-
tion of ships and aircraft
beyond 12 miles is un-
affected by the claim.

Venezuela 12 miles.... 12 miles....
Vietnam 3 miles 20 kilo-

meters.
(10.8
miles)

Yemen 12 miles .... 12 miles. ...
Yugoslavia 10 miles.... 10 miles....

Parties to the European Fisheries Convention which provides for the right to establish 3-mile exclusive
fishing zone seaward of 3-mile territorial sea plus additional 6-mile fishing tone restricted to the convention
nations.

Source: Information available to the National Council on Marine Resources and Engineering Develop-
ment as of Jan. 1, 1970.
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